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Abstract

The neighborhood retail food environment is an indicator of short- and long-term health
conditions. Disparities in Covid-19 health outcomes have been identified as specifically
impacting minority populations in Ann Arbor and Ypsilanti, MI. This study explores these cities'
neighborhood retail food environments alongside neighborhood racial composition with three
measures: Modified Retail Food Environment Index (mRFEI), Grocery Store Density, and FastFood Density. This study's purpose is to determine whether racial composition predicts the food
environment and therefore may contribute to poor health outcomes. The results indicate that high
Asian population has a significant relationship to healthier food environments while high Black
population is related to low neighborhood fast-food density. Generally, neighborhoods with a
high Black population show worse food environment characteristics, while a high Asian
population was linked to healthier food environments. Moving forward, further research is
needed on this subject to determine the extent to which these findings influence Covid-19 health
outcomes.
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Chapter 1: Introduction and Background
Statement of the Problem
At the same time as grocery shelves were largely emptied and supply chains stressed to
their limits at the start of the Covid-19 pandemic, racial inequality simultaneously gained
increased attention throughout the United States. Citizens and those governing were faced
directly with the disproportionate experiences of minority groups regarding health, safety, and
livelihood (Bion, 2020; Centers for Disease Control, 2020a; Reiley, 2020). Communities where
food access was already a challenge were most affected by the stresses in the food supply chain
and unemployment and the rising costs of food as the pandemic progressed (Feeding America,
2021). Before the pandemic, researchers explored issues surrounding the role of race and income
in relation to healthy food access and health outcomes. Their findings consistently suggest that
racial and ethnic minority groups face barriers to healthy food access, whether due to poor access
to grocery stores and farmers markets or due to oversaturation of fast-food restaurants and
convenience stores in their neighborhoods (Dutko et al. 2012; Cooksey-Stowers et al. 2017).
Breakdowns in the supply chain, stockpiling of food, and loss of income in many
households as the pandemic spread in the U.S. led to many Americans struggling to get food for
their homes. Those communities and individuals already facing structural inequalities in food
access and health outcomes were hit hardest (Couch et al. 2020; Parker et al. 2020; Wolfson &
Leung, 2020). In cities and towns all throughout the United States, inequalities in food access
and health were magnified and intensified by racial and economic inequality (Waxwam et al.
2020). Communities with a higher proportion of low-income households, people living in
poverty, and minority residents saw more unemployment, illness, and death than did higher
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income and predominantly White communities, a disparity that became apparent early in the
pandemic (Adhikari et al. 2020; Couch et al. 2020; Parker et al. 2020).
Geographic Context
Washtenaw County
In Washtenaw County, MI, racism was declared a public health crisis four months into
the pandemic after health inequalities in the community, such as significant differences in life
expectancy across racial and ethnic groups, were exacerbated by the severity of the disease’s
spread, particularly among Black residents (Washtenaw County, 2020). Throughout Washtenaw
County, Black residents had significantly higher rates of heart disease, obesity, cancer, and
asthma when compared with Whites. Blacks experienced exceptionally high rates of chronic
disease compared with all other racial groups (Washtenaw County Health Department, 2013).
This is consistent with state and national data on health and race (Centers for Disease Control
and Prevention, 2013; Centers for Disease Control and Prevention, 2020a; Michigan Department
of Health and Human Services, 2020).
The Washtenaw County Health Department has assessed behaviors surrounding healthy
and unhealthy food consumption in the county. Their 2013 report notes that countywide
consumption of adequate fruits and vegetables is lower within Washtenaw County than at the
state or national levels. Black and low-income residents in the county have the highest rates of
fast-food consumption. The county also reports a lower rate of grocery stores per 100,000
residents than the state of Michigan or the United States rates while reporting a higher rate of
fast-food restaurants when compared with the state and national data. At the county level, they
estimated that in 2010, 27% of the population had limited food access. Furthermore, they
identified the cities of Ann Arbor and Ypsilanti as two of the highest consumers of sugary drinks
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within the county, and Ypsilanti residents as having higher rates of fast-food consumption than
the rest of the county (Washtenaw County Health Department, 2013).
Ann Arbor and Ypsilanti
Ann Arbor and Ypsilanti are the two largest cities in Washtenaw County. They are
particularly noteworthy in exploring the county’s declaration of racism as a public health crisis
due not only to their size and their interlinked public and private services combined with their
different socioeconomic and racial demographics. The larger of the two cities, Ann Arbor, has
been named by private media outlets as a tech hub, one of the best small cities in America, one
of America’s happiest cities, and one of the nation’s best college towns, to name just a few
distinctions (Brennan, 2020; Bloom, 2017; Del Giudice & Lu, 2019; McCann, 2019). Ann Arbor
has also made headlines for being both “America’s Most Educated City” and for being one of the
most economically segregated metropolitan areas in the country (Florida & Mellander, 2015;
McCann, 2020). Generally, Ann Arbor is regarded as a highly educated, financially well-off, and
predominantly White community with an abundance of resources at the disposal of residents;
meanwhile, the neighboring city Ypsilanti is smaller in both size and population, generally
lower-income, and home to a greater number of minority residents.
A concentrated population of Black residents lives in Ypsilanti, where the Black
population share is more than double that of the county as a whole (27.3% and 12.3%,
respectively). When comparing the demographic make-up of Ann Arbor and Ypsilanti
specifically, an even more significant gap emerges with Ypsilanti having four times as many
Black residents as Ann Arbor (United States Census Bureau, 2019b). Given the higher rates of
co-morbid health conditions in Black populations generally, it follows that patterns emerged
indicating a higher rate of Covid-19 cases, hospitalizations, and deaths among residents of
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Ypsilanti and Black residents throughout Washtenaw County (Centers for Disease Control and
Prevention, 2020a; Simon, 2020; Washtenaw County Health Department, 2020).
Impacts of the Retail Food Environment
One resource of interest for these communities is access to healthy food sources,
particularly during the pandemic, when health disparities in these cities are receiving increased
attention. Local non-profit leader Yodit Mesfin Johnson has called out lack of healthy food
access as just one of the pre-existing problems Ypsilanti residents face, and particularly Black
residents, which may have exacerbated the impacts of Covid-19 on the community (Rigg, 2020).
Access to healthy food options relates to individual health outcomes, including the prevalence of
chronic diseases, which present a heightened risk for Covid-19 hospitalization and death. Cancer,
diabetes, obesity, and heart disease have all been linked with residing in food deserts and
swamps as well as in racially segregated areas (Cooksey-Stowers et al. 2017; Decker & Flynn,
2018; Kramer & Hogue, 2009; United States Department of Agriculture, 2009; White, 2007).
Therefore, the retail food environments in Ann Arbor and Ypsilanti in the years before the
pandemic may have helped set the stage for overall community health and the likelihood of
residents in specific neighborhoods becoming seriously ill or dying from Covid-19.
Purpose and Objectives
Statement of Importance
While health inequality and food insecurity are not new issues, they are currently
exacerbated by the Covid-19 global pandemic. These issues are relevant to Washtenaw County
specifically, where Covid-19 deaths and hospitalizations have disproportionately affected racial
and economic groups. The pandemic has also increased the number of food-insecure Americans.
With an estimated tripling of food-insecure Americans, especially impacted were low-income
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and racial/ethnic minority households in the early months of the pandemic (Wolfson & Leung,
2020). Therefore, research focused on understanding potential community factors, such as food
access, which may contribute to health disparities is of great importance in responding to the
current issues facing Ann Arbor and Ypsilanti. With insight into the food access landscape and
those groups most affected by lack of access to healthy foods, local government can identify and
implement policies and initiatives geared at providing equitable access to healthy foods for
residents of all races and income levels in both cities. At this time, no comprehensive study of
the relationship between race, income, and residence in food swamps or food deserts in Ann
Arbor and Ypsilanti exists to inform these types of policies.
Purpose of Study
This research aims to understand the relationships between racial and economic
neighborhood composition and the retail food environment in Ann Arbor and Ypsilanti, MI. In
doing so, I intend to provide a comparative overview of the racial and economic demographics in
the two cities and the landscape of healthy food access available to residents within their
neighborhoods. Further, this study will explore the degree to which race and income impact the
food access opportunities in neighborhoods throughout each city and whether race is a
significant predictor of food access. The present study will assess grocery stores and fast-food
availability throughout Ann Arbor and Ypsilanti, without limiting the criteria to low-income
neighborhoods. In this process, a control variable for income will be used to determine the role
of neighborhood racial characteristics on food source availability.
While much of the existing food desert research focuses on areas with high poverty levels
and low food access, it does not address potential food access issues in middle- and high-income
areas. The existing research provides valuable insights into food access barriers for low-income
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households, yet Ver Ploeg et al. (2015) emphasized the importance of exploring food access
conditions beyond low-income communities in order to better understand the full scope of food
access issues and to provide necessary context. This research project focuses on understanding
the food access landscape throughout Ann Arbor and Ypsilanti, two neighboring cities with
disparate racial and economic make-ups. The data analysis will include low, middle- and highincome census tracts.
Food deserts and food swamps are two primary measures of the retail food environment,
and specifically the availability of healthy food retailers, in a given geographic area, and will be
the primary categories by which the retail food environment will be defined (Cooksey-Stowers et
al. 2020; Dutko et al. 2012). While the purpose of this study is not to claim that food access is
the direct cause of poor health and high rates of severe Covid-19 cases in minority or lowincome communities, understanding the resources available to at-risk groups tells one part of a
complex story that has been brought to the forefront of public discourse as a result of the
pandemic. That is to say, the pandemic has served to magnify disparities in the health and
longevity of communities of varying racial, ethnic, and socioeconomic backgrounds in Ann
Arbor and Ypsilanti. Furthermore, as it has highlighted the issues of food access and food
insecurity nationwide, it has provided an opportunity to better understand disparate resources,
such as food access, which may contribute to these critical differences in community health.
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Chapter 2: Review of Literature
Theoretical Framework
While most studies on neighborhood food environments focus on the theoretical causes
of food deserts and swamps, this study will instead focus on the residential distribution of
different racial and socioeconomic groups into areas with specific food environments. Spatial
assimilation theory and place stratification theory will provide the framework for understanding
the distribution of racial groups across neighborhoods identified as food deserts or swamps.
Spatial Assimilation Theory
Spatial assimilation theory proposes that socioeconomic gains translate into better
locational attainment (Massey & Denton, 1985; Pias et al. 2012). One example of better location
attainment might be residence in neighborhoods with higher quality food sources and convenient
access to various food stores. Through the process of spatial assimilation, minority populations
would convert their increased socioeconomic status (SES) into residing in neighborhoods with
more resources of higher quality, including food. According to this theoretical framework,
socioeconomic differences should account almost entirely for residency in food deserts and
swamps, with lower-SES individuals of all races living in neighborhoods with qualitatively
worse food environments, such as food deserts or swamps. The theory argues that as individuals
of any race achieve higher socioeconomic attainment, they would translate that income increase
to residing in qualitatively better neighborhoods. Therefore, when controlling for SES, according
to this theory, race alone would not predict food environment conditions such as lack of healthy
foods, excess of unhealthy foods, or the spatial distribution of food sources.
Importantly, even those articles which support spatial assimilation theory find
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not all minority racial/ethnic groups convert socioeconomic gains into movement into majorityneighborhoods at the same rate. Massey and Denton (1985) found that Blacks are at a
disadvantage compared with Hispanics as they move toward spatial assimilation, receiving less
contact with the majority group (Whites) per unit of SES than Hispanics. Some argue that
Blacks’ slower rate of spatial assimilation is related to neighborhood preferences and that Blacks
elect to live in neighborhoods with different characteristics, such as fewer Whites. However,
Adelman (2005) found that Blacks do not convert SES into neighborhood attainment that
matches their stated preferences, even when residential choices are considered. Blacks who
prefer to live in more integrated neighborhoods with Whites cannot easily translate SES gains
into residence in those neighborhoods. Instead, they continue to live in neighborhoods with a
higher share of other Black households.
Place Stratification Theory
Place stratification theory argues that other systemic factors, including racially
discriminatory policies and practices, lead to racial residential segregation (Charles, 2003; Pais et
al. 2012). Therefore, simply increasing socioeconomic status, as suggested by spatial
assimilation theory, does not always translate into better locational attainment. Working from a
place stratification theory would indicate that while socioeconomic status may play some role in
the residential patterns of minority groups, segregation of Blacks and Asians from White
neighborhoods will prevail even for those who have similar SES to Whites in the area.
Therefore, SES alone would not explain food deserts or swamps and minority racial and ethnic
groups would see qualitatively worse neighborhood food environments than Whites when
controlling for SES factors. This theory would be supported by an outcome in which racial
minorities are statistically more likely to reside in food deserts or food swamps, even when
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controlling for SES factors. However, these theories are not mutually exclusive. As mentioned
previously, some racial and ethnic minority groups may translate SES gains into locational
attainment, but more slowly than others.
Food Environment Literature
Food Environment Categories
Defining Food Deserts. Measurements of food access are varied and definitions of
concepts such as food deserts and food swamps continue to be debated among researchers. The
USDA defines food deserts at the census tract level as low-income tracts where a "substantial
number or proportion of the population has low access to supermarkets or large grocery stores”
(Dutko et al. 2012, p. 5). " However, researchers continue to debate the finer details of this
definition. For example, some studies rely on "market basket" research to assess whether stores
in a given area have foods that are considered healthy at an affordable cost for the income level
of the surrounding neighborhoods. Others rely on measuring the distance to the nearest
supermarket but may vary in what they consider a reasonable distance or measure of distance
(time spent traveling to store vs. mileage to store, for example). Others may view access to
transportation, such as household vehicle ownership, as essential factors in defining access to
food stores (Beaulac et al. 2009; Li & Kim, 2018). Importantly, regardless of the measurement
approach, most food desert literature indicates that in the United States, low-income and
minority neighborhoods have less access to healthy food sources than do higher-income and
White neighborhoods. Low-income and minority-populated areas are at higher risk for serious
health conditions, and more likely to experience limited healthy food access (Centers for Disease
Control and Prevention, 2013).
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Food access can be affected and measured by a multitude of systemic and individuallevel factors. Food deserts are a common way of identifying areas with limited healthy food
access. Spatial elements, such as distance or travel time to a grocery store, are one component.
Other factors include affordability of food, access to transportation, and household income
(United States Department of Agriculture, 2019). While the exact criteria for identifying a food
desert is somewhat debated, most scholars agree that food deserts are low-income areas without
a grocery store or supermarket located within a reasonable distance for residents to access.
However, these studies differ in defining the criteria for neighborhood income thresholds as well
as the acceptable distance, duration, and means of travel (Beaulac et al. 2009; Ver Ploeg et al.
2015; Semple & Giguere, 2018; Walker et al. 2010).
Defining Food Swamps. On the other hand, food swamps are characterized by high
access to unhealthy food sources, such as fast-food restaurants, relative to healthy food sources
in the same geographic area (Cooksey-Stowers et al. 2017; Hager et al. 2017). While the
majority of research on neighborhood food environments focuses on access to healthy food
sources, especially supermarkets and large grocery chains, Cooksey-Stowers et al. (2017) argue
that exposure to food swamps are a stronger predictor of obesity in the United States than lack of
access to food stores (i.e., food deserts). Furthermore, their research suggests that the negative
impacts of residing in a food swamp are exacerbated by income inequality, lack of access to
transportation, and higher concentrations of racial minorities in food swamp neighborhoods.
Food swamps were defined and measured in this study by calculating the ratio of unhealthy food
sources (fast-food, convenience stores, etc.) compared with grocery stores and supermarkets
using data from the United States Department of Agriculture (USDA) Food Environment Atlas.
As with food deserts, the research indicates that racial/ethnic minorities and low-income people
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are most negatively affected by their neighborhood food landscapes compared with Whites and
high earners. Notably, the authors emphasize that there is the risk of reverse causality due to
neighborhood self-selection. However, as noted previously, theoretical perspectives on
neighborhood racial/ethnic segregation indicate that racial/ethnic minorities, especially Blacks,
are limited in their ability to self-select into neighborhoods that they may find most desirable
compared to Whites.
Food Environments in Minority Neighborhoods
While food desert research, despite variances in defining and measuring, largely agrees
that low-income and predominately Black neighborhoods experience the greatest disadvantages
in accessing supermarkets and large food stores, food swamp measures are less consistent. While
some studies argue that minority groups and low-income people are more exposed to unhealthy
food sources, others found in their areas of study that Black and minority neighborhoods have
fewer fast-food restaurants and convenience stores than do White neighborhoods (Black &
Macinko, 2008; Cooksey-Stowers et al. 2017; Lamichhane et al. 2013; Baker et al. 2006). The
general trend in food environment research shows minority populations, specifically Blacks, are
more likely to reside in neighborhoods with limited food access or in food deserts.
Neighborhoods with a larger share of White residents in urban settings are more likely to have
close proximity access to stores where fresh produce is available than are neighborhoods with a
higher population share of minority residents (Beaulac et al. 2009; Dutko et al. 2012; Walker et
al. 2010; Winkler et al. 2019).
In their master's thesis on food deserts and food swamps in Hillsborough County,
Florida, Stein (2011) found an association between race and ethnicity and residence in a food
swamp or food desert. Stein found that Black residents were more likely to reside in
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neighborhoods identified as either a food swamp or food desert when compared with Whites. In
another study, Badruddoza and McCluskey (2021) used machine learning to predict the Modified
Retail Food Environment Index (mRFEI) scores for census tracts with 72% accuracy. They
found that the non-White population, particularly a high percentage of Black residents, helped
predict the tracts which would be food deserts and/or food swamps.
Studies of food access often focus on a single metric of the neighborhood food
environment, either access to healthy food sources or exposure to unhealthy food sources. Baker
et al. (2006) incorporated multiple elements of neighborhood food environments in their study
which assessed food store and fast-food restaurant locations and compared the locations of
different types of food sources with the racial and economic compositions of neighborhoods in
their study area of St. Louis, MO. Their study also evaluated the food stores and fast-food
restaurants' offerings of USDA-recommended food items. They found that predominately Black
neighborhoods had less access to grocery stores and to USDA-recommended foods. They also
found that Black neighborhoods had less access to fast food. In general, predominately higher
income and White neighborhoods had more access to all types of food sources, both healthy and
unhealthy, when compared to low-income and minority neighborhoods.
Lamichane et al. (2013) found similar patterns in their study of the spatial patterns of
food stores and fast-food restaurants in South Carolina. They assessed food access across
neighborhoods categorized by the predominance of race and income. These authors found that
higher-income and predominately White neighborhoods had more supermarkets and more fast
food restaurants than low-income and minority neighborhoods. These authors note that in their
study, food stores and fast-food restaurants tended to be clustered near each other, so that
neighborhoods with a higher amount of food stores also had higher concentrations of fast food.
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In contrast to the findings of these two studies, Black and Macinko (2008) determined in their
review of literature on neighborhood characteristics and obesity that lower-income areas have
more fast food than high-income areas.
Walker et al. (2010) also noted in their literature review that Black neighborhoods, in
particular, are at a disadvantage with regards to healthy food access compared with White
neighborhoods. The authors also found that socioeconomic status and access to transportation
were relevant factors influencing neighborhood food access, with higher SES neighborhoods
having access to healthier, higher quality food in greater supply. In this study, the largest racial
gap in food access was between Blacks and Whites. Bower et al. (2013) found that not only are
lower-income neighborhoods and minority dominant neighborhoods at a disadvantage as it
relates to food store availability, but that living in a neighborhood that is both low-income and a
"segregated Black neighborhood" result in "double disadvantage" when compared with White
neighborhoods (p. 35). While income and race are often similar in relationship to food store
access across the literature, the relationship of race to food access may transcend neighborhood
income factors. In a study of affluent Atlanta neighborhoods with predominately Black
populations, Helling and Sawicki (2010) found that even higher-income Black neighborhoods
had lower access to grocery stores and that high earning Black residents of these neighborhoods
were more likely to go outside of their neighborhood to grocery shop or to eat out, other than for
fast-food.
Less research exists focusing closely on predominately Asian neighborhoods, due to the
higher overall rate of segregation experienced by Blacks in the United States compared with
other racial minority groups (Intrator et al.2016). However, Dutko et al. (2012) found that census
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tracts in the U.S. classified as food deserts have a higher percentage minority population,
including higher Asian population shares.
Perception of living in a food desert may also vary by race. Cooksey-Stowers et al. (2020)
administered an online survey to a sample of 4,305 respondents using a preexisting pool of
online survey participants.. Of the entire sample, 40.7% responded that they reside in a food
swamp, while 6.5% reported conditions consistent with food deserts. While this survey could not
confirm actual residence in a food desert or food swamp, the authors did find racial differences
in self-reporting residence in a disadvantaged neighborhood food environment. Blacks were
notably more likely to report that they perceived their neighborhood to be a food swamp.
Meanwhile, Asians were less likely than all other racial groups to report living in a food desert or
food swamp. For Blacks, the higher rates of perceived residence in a food desert or swamp also
correlated with lower dietary quality.
Food Environments and Health Outcomes
Both residential segregation and food access play a role in overall health outcomes for
minority populations. One study of residential segregation in Detroit asserts that the relationship
between poor health outcomes and residential segregation for Blacks is entangled in
neighborhoods' economic status and resources of neighborhoods where Black resident
populations are concentrated (Schulz et al. 2002). Freeman Anderson (2016) also found
relationships between residential racial and ethnic segregation for Blacks and Asians and health
outcomes. In this study, economic factors also played a significant role in explaining the
disparities for Blacks. Meanwhile in the case of Asians, immigration status accounted fully for
the differences identified. Limited access to food stores in general is associated with higher rates
of obesity and diabetes, while easy access to and consumption of fast food and other "junk food"
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sources is also associated with these conditions and cardiovascular diseases. Alternately,
consuming plant-based foods has been associated with lower risk of diet-related chronic illnesses
including cardiovascular diseases and some cancers. (United States Department of Agriculture,
2009). The relationship between diet and health is well established. While healthy food access is
not a cure-all for poor diet, as access does not equal engagement, easy access to healthy foods
provides an opportunity for healthy choices to communities and is, therefore, one essential
component of improving public health. The body of research clarifies that economic
characteristics, race and ethnicity, and diet are all related to the overall health outcomes in
neighborhoods throughout the United States.
In a study of the impacts of food deserts and swamps on adolescent girls in a large,
predominately Black, Baltimore school district, Hager et al. (2017) found that a large percentage
of the young girls in the school district reside in a food desert, food swamp, or neighborhoods
categorized as both. The authors compared residential food access to the girls' reported dietary
behaviors and found that food swamp residents reported higher consumption of unhealthy foods,
specifically snack foods and desserts, than food desert residents. In a review of literature on local
food environments and obesity, Cobb et al. (2015) also found that residing near fast-food
restaurants contributed to higher rates of obesity. Of note, their study also found a distinction
between supermarket access and smaller grocery store access, with supermarkets reducing the
likelihood of high obesity rates and grocery stores increasing the overall obesity rates. Black and
Macinko (2008) also reviewed literature and found similar patterns across multiple studies of
neighborhood food environments and obesity. Fast-food and convenience stores were commonly
associated with increases in obesity, while large food stores such as supermarkets contributed to
lower rates of neighborhood-level obesity.
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Diet-related illnesses, such as diabetes, and outcomes for individuals with those illnesses,
may depend partly on the local food environment. Phillips and Rodriguez (2019) found that
individuals with diabetes who reside in food swamps have higher hospitalization rates than do
individuals who do not reside in food swamps. In a 2018 medical publication, Dr. David C. Lee
discussed his research, suggesting that type 1 and type 2 diabetes may be more common in areas
considered food swamps (Ghizzone & Hamdy, 2018). As discussed previously, Baker et al.
(2006) found that people of color and low-income households had less access to USDA
recommended "healthy foods" at their local food outlets, while access to fruits and vegetables is
considered a contributor to poor health outcomes and chronic illness (Hung et al. 2004). The
importance of equitable, healthy food access and residing in a neighborhood food environment
that does not encourage unhealthy choices such as fast-food over consumption of fruits,
vegetables, and other healthy foods has been demonstrated by prior research. Further, the
particular disadvantage faced by racial and ethnic minority groups and low-income households
has been demonstrated across multiple disciplines in numerous studies. Therefore, understanding
the neighborhood food environment is essential to the present and future health of any
community.
Food Environment Research in Ann Arbor and Ypsilanti
Limited research focusing on the food landscape in the study area currently exists.
Semple and Giguere (2018) studied food deserts over time in Ypsilanti city and identified a shift
from 1970 to 2010 with food stores located in the city limits dwindling. As of 2010, the authors
identified only two small grocery stores within Ypsilanti and no supermarket chains. The food
deserts identified in this study changed in their location and size from 1970 to 2010 and shifted
demographically. In the 1970s, Whites made up the majority of the population share in Ypsilanti
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food desert census tracts. By comparison, in 2010, Blacks and other non-White residents
comprised 60% of the population share in food desert census tracts. This study did not include
for analysis any alternative food sources such as farmers markets, CSAs, our other food-centered
organizations as "grocery stores," but did acknowledge that growth in alternative food sources,
such as work done by local non-profit Growing Hope, may improve the food landscape for
Ypsilanti residents. The study also focused specifically on food deserts, and therefore excluded
from the data neighborhoods that did not have the highest rates of poverty within the city and
food swamp neighborhoods. Ann Arbor, MI, does not appear to have any scholarly research
focusing on the food landscape. While the media has speculated about disparities in food access
between the two cities, no study exists to explore healthy food access and the food environment
in Ann Arbor and Ypsilanti (Durr, 2019). There is also no study assessing unhealthy food access
(i.e., food swamps) in the Ann Arbor and Ypsilanti areas.
The Washtenaw County Health Department has assessed behaviors surrounding healthy
and unhealthy food consumption in the area of interest. Their 2013 report notes that countywide
consumption of adequate fruits and vegetables is lower within Washtenaw County than at the
state or national levels. Furthermore, they identified the cities of Ann Arbor and Ypsilanti as two
of the highest consumers of sugary drinks within the county and Ypsilanti residents as having
higher rates of fast-food consumption than the rest of the county. Black and low-income
residents in the county have the highest rates of fast-food consumption. The county also reports a
lower rate of grocery stores per 100,000 residents than the state of Michigan or the United States
rates while reporting a higher rate of fast-food restaurants compared with the state and national
data. At the county level, they estimated that in 2010, 27% of the population had limited food
access (Washtenaw County Health Department, 2013).
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Research Questions
Q1: What are the racial and socioeconomic characteristics of neighborhoods with the
most and least healthy food landscapes in Ann Arbor and Ypsilanti?
Q2: What are the racial and economic characteristics of neighborhoods with the highest
and lowest fast-food restaurant density in Ann Arbor and Ypsilanti?
Q3: What are the racial and economic characteristics of neighborhoods with the highest
and lowest grocery store density in Ann Arbor and Ypsilanti?
Q4: What is the relationship between income and healthy and unhealthy food landscape
features in the area?
Q5: Are racial differences in the spatial distribution of healthy and unhealthy food
retailers significant when controlling for income in the area?
Q6: Does neighborhood racial composition predict neighborhood food environment
quality (mRFEI score) to a significant degree when controlling for household income?
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Chapter 3: Research Design and Methods
Data Sources and Variables
Data Sets
This quantitative research project uses secondary data obtained from the United States
Census Bureau. The data obtained includes Census tract-level data from the American
Community Survey 2010 ACS 5- Year Estimates and 2011 ACS 5-Year Estimates, and the 2010
Decennial Census (United States Census Bureau, 2021a). While most of the data uses the 2010
ACS 5- Year Estimates, the 2011 ACS 5-Year was used for the household income variable in
this study due to the unavailability of the 2010 ACS for that variable.
The food environment data, the Modified Retail Food Index Table, was obtained through
the Centers for Disease Control and Prevention (CDC, 2011b). This data set was provided by
linking the CDC’s report on census tract level state maps of the Modified Retail Food
Environment Index. The raw data used to calculate the mRFEI scores is not made available to
the public by the CDC.
Additional food environment data was sourced from the University of Michigan's Deep
Blue Data resource and originated from Data Driven Detroit (Veinot et al.2016). The Data
Driven Detroit data set was derived through data analysis by Data Driven Detroit and its
researchers' using data from the CDC and the State of Michigan. The data included is scaled to
the census tract level, making it a compatible data set for the census data being used. Data
Driven Detroit is a data organization which engages with Detroit- area data through the
collection, analysis, and open-access data sharing. Much of the organization's work is contracted
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through outside entities such as schools, non-profits, local governments and other community
groups and stakeholders (Data Driven Detroit, 2018). Data obtained and analyzed by Data
Driven Detroit is made available as data sets and interactive data visualizations including maps.
Data Limitations
Census Data Limitations. The Census Bureau data used for this study offers census tract
as the most precise level of geographic identification. As a proxy for neighborhoods, the use of
census tracts is a common geographic indicator; however, census tracts vary in their population
size and their spatial characteristics (Ratcliffe, 2013; United States Census Bureau, 2019a).
Therefore, the distribution of food resources across the population and spatial distribution of
each tract may vary widely even if the tracts score similarly on the measurement used to identify
food deserts and swamps. Furthermore, larger tracts may extend beyond what individuals would
qualitatively identify as their neighborhood, based on how they engage within the space. The
precision of data is also compromised by the larger geographic unit, as it is not possible to
identify, for example, a handful of city blocks with a concentrated minority population and that
specific area's availability of food retailers. Despite these limitations, the census data from the
ACS and decennial census both provide the best source of tract-level population data needed for
this study.
Food Environment Data Limitations. The food environment data has limitations as
well. The data set is generated from the organization's secondary data analysis of CDC, USDA,
Reference USA, and Michigan Department of Agriculture primary data resources. This
introduces room for error as the present study relies on the accuracy of Data Driven Detroit's
analysis. However, the primary data used in creating this data set is not freely available to the
public, so primary analysis to achieve the results made available in this data set was not a
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feasible option for this study. Therefore, the Data Driven Detroit project is still the best resource
for the food landscape measures in this study.
General Data Limitations. Finally, the small sample size and the need to merge data
from multiple sources introduces the possibility of flaws in the data or errors in the statistical
calculations for this data set. Additionally, all of the data is limited by the lack of recent sources
that meet all of this study's needs. Some of data used for the food environment variables was not
available more recently than in 2011, including the mRFEI variable which is central to this
study. Additionally, 2020 census data was unavailable at the time of this study, leaving a 10-year
window wherein the food environment in Ann Arbor and Ypsilanti could have changed
significantly prior to the pandemic. However, for this study, the food environment before the
pandemic is of interest. The food environment in 2010 is relevant in that it may have affected the
state of residents' health at the start of the pandemic, ultimately leading to increased community
vulnerability in certain areas of the cities.
Unit of Analysis
The unit of analysis for this study is the census tract. Census tracts are geographically
subdivided sections of a county and are determined based on population size. Tracts ideally have
around 4,000, but population size may vary (United States Census Bureau, 2019a). In this study
the minimum tract population is 1,156, and the maximum tract population is 6,644. Their
physical size varies based on how densely populated the area is, resulting in a smaller, physically
defined tract. For this study, census tracts will serve as proxies for residential neighborhoods.
This is a common way of differentiating neighborhoods in research, despite the limitations
described previously. Specifically, many food environment studies utilize the census tract level
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of analysis (Baker et al. 2006; Bower et al. 2014; Dutko et al. 2012; Helling & Sawicki, 2003;
Odoms-Young et al. 2009; Ratcliffe, 2013; Semple & Giguere, 2018).
Sample
Census tracts within the city limits of Ann Arbor and Ypsilanti comprise the geographic
sample for this study. However, Ann Arbor and Ypsilanti both have public universities within
their city limits which provide housing and food facilities to some students on their campuses. To
account for university living facilities, the group quarters variable was used to identify tracts
with greater than 25% group quarters population. These tracts were removed from the sample
because on-campus food sources, such as residential dining halls, may not be factored into the
available food environment data. Four tracts were eliminated from the sample due to high group
quarters populations. After eliminating the group quarters tracts, 42 census tracts remain in the
sample. Of these tracts, 33 are within the city of Ann Arbor and nine are in the city of Ypsilanti.
Another tract was eliminated due to unique characteristics which produced outliers. In
particular, the tract produced a sizeable outlier for Fast-food density measures. This tract is
located within downtown Ann Arbor (Census Reporter, 2019). The area encompassed within the
tract is largely restaurants, entertainment venues such as bars, movie theatres, live music spaces
and hotels. Because this tract is primarily a space used for entertainment and dining out, the
outlier in fast-food density made sense, as did excluding this tract since it is not representative of
the neighborhood living spaces of the city and introduces outliers which skew the results of the
statistical tests. In all, five tracts were eliminated from the sample, resulting in a 41 case sample.
Racial groups
The racial groups of interest for the present study are non-Hispanic Black, Asian, and
White residents of Ann Arbor and Ypsilanti. These three racial groups comprise 92% (68%
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White, 12% Black, 12% Asian) of the total population estimate for this sample (United States
Census Bureau, 2010). Other studies have evaluated the relationship between these racial groups
and the food environment (Cooksey-Stowers et al. 2020; Freeman Anderson, 2016; Intrator et al.
2016; Ver Ploeg et al. 2015). Overall, the Black population has received more research attention
than the Asian population in food environment research. However, despite the lack of strong
focus on Asian groups in previous research, the inclusion of both the Black and Asian population
is important for this geographic area. Asians comprise 12% of the total population in the study
area, compared with just 5% of the total U.S. population during the same time period (United
States Census Bureau, 2010). For this study, only groups identifying as non-Hispanic will be
included since race, rather than ethnicity, is the focus here. Furthermore, while much of the
previous literature includes Hispanic populations separately from White, Black, and Asian racial
groups, the share of the population comprised by Hispanic identified residents is very low (4%)
for this study area (United States Census Bureau, 2010).
Dependent Variables
Modified Retail Food Environment Index Score. The Modified Retail Food
Environment Index (mRFEI) is a measure that indicates the proportion of health and unhealthy
food sources located in a geographic area. The mRFEI is calculated by dividing the number of
healthy food retailers, as defined by the CDC, by the sum of all healthy and unhealthy food
retailers. Healthy food retailers as defined by the CDC for this measure include supermarkets and
other large food retailers while unhealthy retailers include fast-food restaurants, convenience
stores, and sometimes small grocery stores which offer a narrow selection of healthy food
options (CDC, 2011a). The result of the mRFEI calculation is a value that combines food desert
and swamp conditions into one figure. The mRFEI values of zero indicate tracts where no food
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outlets are available, while low scoring tracts (mRFEI < 10) would be considered food swamps,
or areas where access to healthy food sources does not outweigh access to unhealthy food
sources. An mRFEI score greater than 10 indicates a tract where access to healthy food balances
unhealthy food sources for an overall healthy food retail environment (CDC, 2011a). The mRFEI
score is a measure used by the CDC to understand neighborhood food environments, including
identifying both food deserts and food swamps (CDC, 2011a). For this study, mRFEI will be
used to identify tracts where no food outlets are identified; however, these tracts may not meet
the USDA definition of food deserts due to income factors. All tracts with a score of 0 will be
identified as "no food outlet" tracts, rather than food deserts, because all income levels will be
included in the analysis.
Grocery Store Density. Grocery store density values for this study were obtained from
the Data Driven Detroit data set. To create this variable, the Data Driven Detroit research team
used GIS analysis tools and data obtained through a Freedom of Information Act request to the
Michigan Department of Agriculture (Data Driven Detroit, 2017). Their analysis provides
density scores for each census tract using a radius of 1 quarter mile (Data Driven Detroit, 2017;
Veinot et al. 2016). This variable provides insight into the spatial distribution of grocery stores
carrying healthy food items within each census tract. Higher density scores indicate that the tract
has more, or more closely clustered, grocery store outlets while lower density indicates either a
lower number of grocery stores or a more dispersed distribution of existing stores. Because the
density can indicate the amount and as the distribution of food stores, this variable is best
understood in conjunction with the mRFEI for each tract.
Fast-Food Density. Fast-food density was calculated in the same manner as grocery
store density with the same quarter mile radius by Data Driven Detroit. However, unlike the
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grocery store data, the fast-food data was sourced from 2015 Reference USA data.
Establishments were identified by Data Driven Detroit researchers from the raw data as fast-food
restaurants if they met the criteria from a list of predetermined "NAICS" (North American
Industry Classification System) or "SIC" (Standard Industrial Classification) codes or a list of
190 keywords including the names of many popular fast-food chains (Data Driven Detroit, 2017;
NAICS Association, 2018; SICCode.com, 2020; United States Census Bureau, 2021b). As with
grocery store density, fast-food density may be affected by the amount of total fast-food outlets
and the spatial distribution of outlets and therefore is best understood in combination with the
mRFEI for this research.
Independent Variables
Race. This study's racial group population data comes from the Census Bureau's 2010
ACS 5-Year Estimates data table "Hispanic or Latino Origin by Race" (United States Census
Bureau, 2010). The race group variables "White, alone," "Black, alone," and "Asian, alone" will
be used to identify portions of the population falling within the racial groups at the focus of this
study. White, Black, and Asian residents who also report Hispanic ethnicity are omitted because
ethnicity is not being explored for the purpose of this research.
Income. Average household income in the past 12 months for each census tract was
obtained from the data table "Income in the Past 12 Months (in 2011 adjusted dollars)" from the
2011 ACS 5-Year Estimates (United States Census Bureau, 2011). The percent of each tract
falling within various household income categories and the mean and median household income
for each tract are available in this data set. The median household income variable will be the
indicator of SES status for the purposes of this study.
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Methods
Data Transformations
Where necessary, a log transformation was applied to variables that did not fit a normal
curve. This transformation was applied to all variables that showed skew and which responded to
the log transformation by approaching a more normal distribution without introducing missing
values. The log transformation is useful for correcting positive skew. It works by condensing the
values on the "right-tail" of the data, reducing the degree of positive skew and compressing the
values toward the middle for a more normal distribution (Field, 2018). This method was utilized
for the racial group variables for the Black and White population, and as the median household
income variable. Not all variables responded well to the log transformation; some applications
of this transformation did not improve the skewness or the transformation introduced missing
variables. For example, grocery store density shows a positive skew before and after the log
transformation, with little improvement when applying the transformation while at the same time
introducing 17 missing values. For variables like this, which did not benefit from the
transformation, the original variable was used for data analysis without any transformation.
Analysis of Data
The data analysis for this project includes descriptive statistics, bivariate correlations, and
multivariate regression. All data analysis has been completed using IBM SPSS Statistics
software. Variables from all sources for this study were imported from Microsoft Excel
spreadsheets into SPSS data sets, then merged into a single data set in SPSS using the census
tract identifier as a key variable.
Descriptive Statistics. Descriptive statistics are used in this study to provide an overview
of the demographic and food environment characteristics within the sample area, each city, and

EXPLORING THE FOOD LANDSCAPE

27

individual census tracts. These statistics provide information about the percentage of White,
Black, or Asian residents in a given geographic parameter or the number of census tracts with an
mRFEI score that meets food swamp criteria. Because they are descriptive statistics, they are not
analyzed by one another. Rather they are used to "paint the picture" of the sample area, cities,
and neighborhoods at the center of this study. Some of the measures used to accomplish this
overview include mean, median, minimum, and maximum values, percentages, and counts
(sums). In some cases, tables with raw data for the sample area are provided to explain the
demographic, economic, or food environment characteristics in the sample area.
Multivariate Analysis. The multivariate analysis explores the relationships between
racial demographic and income variables and the food environment measures represented by the
mRFEI and food density variables. In some cases, median household income is used as a
controlling variable to analyze the role of income in the relationship between neighborhood
racial characteristics and the food environment. Because of the small sample size and the
significant difference in the number of Ann Arbor and Ypsilanti census tracts, the two cities will
be combined for all multivariate analyses to ensure an adequate sample size for statistical tests.
The cities have very different racial compositions that would be influenced differently based on
the relationships of certain racial groups to food environment outcomes. As a result, comparison
between the two cities for multivariate tests will not be possible. However, understanding of the
Ann Arbor and Ypsilanti area and the relationship between race and food environment is still
beneficial.
Bivariate Correlations. The bivariate correlations are used to identify variables that have
a statistically significant relationship relative to one another and the direction of that relationship.
While these tests determine whether an association exists between variables, they cannot prove a
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causal relationship. They also cannot determine the degree to which other related variables may
affect the association (Healey, 2016).
For these correlations, the Pearson's r correlation coefficient was used, the values of
which range from 0 to ± 1. The Pearson's r is a useful method for computing correlations
between interval-ratio level variables such as the ones in this study. A value of 0 indicates that
there is no correlation, while a value of 1 or -1 indicates that as one variable increases, the other
will change in the same proportion. A negative value indicates an inverse relationship, while a
positive value indicates that as one variable increases, the other will also increase (Field, 2018;
Healey, 2016). While the calculation has been completed using SPSS, the formula for this
correlation, as provided by Healey (2016), is as follows:
𝑟=

 (𝑋 − 𝑋̅)(𝑌 − 𝑌̅)
√[ (𝑋 − 𝑋̅)2 ][ 𝑌 − 𝑌̅)2 ]

Partial Correlations. Partial correlations were also utilized to control for variables that
may mitigate the strength or significance of the relationship between two variables. The
theoretical framework suggests that controlling for income, as a representative factor for
socioeconomic status, is pivotal to understanding the relationship between race and the
neighborhood food environment. Therefore, in these partial correlations, median household
income is used as a control variable for the relationships between food environment and race
variables. The partial correlation feature in SPSS used for this study calculates Pearson's
correlations while accounting for variance caused by external variables, or "control variables"
(IBM, 2016). The goal of the partial correlation is to determine how much variance between the
two primary variables remains after removing variance caused by the selected control variables.
Healey (2016) provides the following equation for partial correlation:
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𝑟𝑦𝑥 − (𝑟𝑦𝑧 )(𝑟𝑥𝑧 )
2 √1 − 𝑟 2
√1 − 𝑟𝑦𝑧
𝑥𝑧

Linear Regressions. Linear regressions were completed for each pairing of independent
and dependent variables with the median household income variable operating as a control. As
with bivariate correlations, the results of linear regressions cannot prove causation, but can
determine the degree to which another, related variable may influence the relationship between
the independent and dependent variables in the regression. The function of linear regressions as
opposed to correlations is to predict the results of the dependent variable based upon the
independent and control variables using a straight line. The linear regression relies on
determining whether a straight line can be derived from the relationship between the variables
(Field, 2018). A simple, two variable linear regression formula is shown below (Field, 2018). In
this case, Y represents the dependent variable outcome, b0 represents the outcome when the
predictor, or independent variable has a value of 0, also known as the intercept of the line. The b1
value is the parameter and represents the slope of the line in the linear equation. The Xi value is
the actual value of the independent variable (Field, 2018).
𝑌𝑖 = (𝑏0 + 𝑏1 𝑋𝑖 ) + 𝑒𝑟𝑟𝑜𝑟𝑖
For regressions with multiple predictive, or independent, variables the formula remains
similar, with the additional predictors added. Most regressions rely on two predictors, a racial
group population and median household income in this study. The formula for regression with
two predictive variables is shown below (Field, 2018).
𝑌𝑖 = (𝑏0 + 𝑏1 𝑋𝑖 + 𝑏2 𝑋2𝑖 ) + 𝑒𝑟𝑟𝑜𝑟𝑖
For the purposes of this study, the focus will be on the statistical significance of the
regression model, indicating that the independent variable or variables are able to significantly
predict outcomes in the dependent variable.
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Chapter 4: Data Analysis and Results
Descriptive Statistics
Population Statistics
The mean population size for the tracts is 3,027.38 with a median population size of
2,848.00. The distribution of tract populations has a slight positive skew. However, the standard
deviation is large (1,203.940) indicating that the population values for these tracts have a high
level of spread. The total range is 5,488. The smallest tract is in Ypsilanti with a population of
1,193. The largest tract is tract 4005, in Ann Arbor, with a total population of 6,644. The
estimated total population contained within the research area is 125,994.
Racial Group Statistics. Whites are the most populous racial group (85,626; 68%) and
are the dominant racial group in all but three tracts (Table 1). Blacks and Asians each comprise
12% of the total area population. These three racial groups comprise 92% of the total population
between the two cities. Tracts 4106 and 4112, both located in Ypsilanti, have more than double
the number of Black residents compared with Whites. Tract 4107, also in Ypsilanti, has about
40% more Blacks than Whites (Table 1). City-wide in Ann Arbor, the population is about 70%
White, 8% Black, and 14% Asian; while in Ypsilanti, the population is about 59% White, 32%
Black, and 2% Asian.
Table 1
Race (percent)
City

% White

% Black

% Asian

Ann Arbor

69%

8%

14%

Ypsilanti

59%

32%

2%

Area

68%

12%

12%
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Household Income Statistics
The median income variable provides the median household income for each tract in the
study area. The results indicate a very different financial norm in the two cities. The city-wide
mean for median income by tract was almost $30,000 less than Ann Arbor’s, and the maximum
for Ann Arbor being 2.5 times higher than the maximum for Ypsilanti (Table 2). However, the
range of values within Ann Arbor is also much larger than that of Ypsilanti. The range between
Ann Arbor’s highest and lowest income tracts is $129,084, while Ypsilanti’s highest and lowest
income tracts differ by $40,860. The median value of the median household income variable
city-wide for Ann Arbor is $59,227. For Ypsilanti, it is $31,285. The combined median income
for the area is $52,609.
Table 2
Median Household Income Descriptive Statistics (city)

Mean

Median

64782

59227

Ann Arbor

Ypsilanti

Median income (dollars)

Median income (dollars)

Max
151172

Min

Range

22088 129084

St. Dev
30159

Mean

Median

35110

31285

Max

Min

59688

18828

Range
40860

Table 3
Ypsilanti Median Household Income
Tract (Short)

Median Income

Tract (Short)

Median Income

4102

$59,688

4110

$30,492

4109

$54,375

4107

$22,619

4103

$40,915

4112

$22,351

4121

$35,440

4106

$18,828

4108

$31,285

St. Dev
14269
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Table 4
Ann Arbor Median Household Income
Tract (Short)

Median Income

Tract (Short)

Median Income

4053

$151,172

4035

$57,754

4031

$142,188

4046

$55,039

4043

$95,977

4038

$52,609

4060

$95,278

4006

$52,240

4004

$93,750

4055

$48,550

4023

$92,750

4045

$47,934

4044

$86,563

4036

$42,411

4032

$82682

4051

$42,033

4041

$80,781

4056

$40,140

4027

$77,610

4007

$39,231

4033

$70,781

4142

$36,429

4034

$69,180

4026

$35,977

4025

$68,563

4008

$33,209

4054

$68,525

4042

$33,167

4052

$67,112

4021

$30,602

4147

$60,699

4005

$22,088

Food Environment Overview
Modified Retail Food Environment Index. The mean mRFEI for the area of study is
10.77 with a median value of 11.765. The range is relatively broad (33.333), indicating a good
deal of variation between at least some of the tracts within the area. The standard deviation is
9.11. Although not exceptional, the median and mean scores indicate an acceptable food retail
environment for the study area. The high mRFEI score for an Ypsilanti tract is 14.286, while the
lowest score in Ypsilanti is 0 (Table 5).
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Table 5
mRFEI Descriptive Statistics
Mean

Median

Mode

Maximum

Minimum

Range

St. Deviation

Ann Arbor

12.38

13.64

0.00

33.33

0.00

33.33

9.64

Ypsilanti

6.26

4.76

4.35

14.29

0.00

14.29

4.29

The highest mRFEI score for Ann Arbor is 33.333 while the lowest score for Ann Arbor
is 0. 30% of the tracts in Ann Arbor had no, or negligible, access to food retailers and could be
potential food deserts, depending on their socioeconomic characteristics (mRFEI=0), while 11%
of the Ypsilanti tracts met this criterion (Table 6). On the other hand, less than 1% of Ann Arbor
tracts met the mRFEI score criteria for a food swamp (mRFEI > 0 and < 10), while 67% of
Ypsilanti tracts met food swamp criteria. Ann Arbor’s mean mRFEI score is nearly twice that of
Ypsilanti. The range between Ann Arbor’s highest mRFEI score, the tract with the highest ratio
of healthy food sources versus unhealthy food sources, its lowest is twice that of Ypsilanti (33.33
and 14.29, respectively). For the entire geographic area in this study, 52% of the census tracts are
considered acceptable food retail environments (mRFEI > 10). However, less than 1% of those
tracts are located in Ypsilanti (Table 6).
Table 6
mRFEI Count by Category (city)
mRFEI=0

mRFEI < 10

mRFEI > 10

(No Healthy Food Access)

(Food Swamp)

(Acceptable Food Environment)

Ann Arbor

Ypsilanti
9

1

Total
10

Ann Arbor

Ypsilanti
3

Total
6

Ann Arbor
9

Ypsilanti

20

Total
2

Demographics for High mRFEI Areas. The top 20% tracts with the highest Modified
Retail Food Environment Index scores are located in Ann Arbor. It is important to note;
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however, the sample includes more than three times the number of tracts for Ann Arbor as for
Ypsilanti. The racial demographics of the top-mRFEI tracts show that all of these tracts are
predominately White. Half of the tracts have higher than average Asian populations for the city
of Ann Arbor. The Asian population city-wide in Ann Arbor is 14% (Table 1). More than half of
the tracts with the highest mRFEI scores have a 14% or higher Asian population. Two of these
tracts (4025 and 4027) have an Asian population more than twice the city-wide rate (Table 7).
The Black population for Ann Arbor is 8% cite-wide (Table 1). Among the top-ranking
tracts for mRFEI scores, three tracts have a higher Black population than the city rate, while the
remaining have lower than average Black populations (Table 7). Generally, the tracts with the
highest mRFEI appear to be predominately White with higher-than-average Asian populations
and average Black populations compared to the city as a whole.
When comparing to the demographics of the geographic area including both Ann Arbor
and Ypsilanti, this pattern holds with Black population being generally lower in the high mRFEI
tracts than in the area as a whole and Asian population being usually higher than in the area as a
whole (Table 1; Table 7). The mean Asian population percentage in the high mRFEI tracts is
18% compared with 12% for the full research area and 14% for Ann Arbor, the city in which all
of the tracts are situated. The mean Black population is 8.7%, lower than average for the area,
but comparable to the city rate of 8% for Ann Arbor (Table 1; Table 7).
Regarding income, five of the eight tracts have a higher median income than the
combined city median of $59,227 for Ann Arbor (Table 2; Table 7). The remaining three tracts
fall below the Ann Arbor median. Compared with the area median of $52,609, six high mRFEI
tracts exceed the area median income level (Table 2; Table 7). Generally, high mRFEI tracts
have average or higher than average median household income levels for the city they are
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located in, and when compared with the full geographic area. At $68,070, the mean income for
the highest mRFEI tracts is higher than both the Ann Arbor and full study area income levels
(Table 2: Table 7).
Table 7
Highest mRFEI Tracts (area)
Tract (short)

City

mRFEI

% White

% Black

% Asian

Median Income

4025

Ann Arbor

33.33

53.53

3.75

42.72

$68,563

4046

Ann Arbor

27.78

77.55

13.40

9.06

$55,039

4027

Ann Arbor

25.00

67.04

4.35

28.62

$77,610

4043

Ann Arbor

22.22

95.13

0.86

4.01

$95,977

4142

Ann Arbor

20.83

67.96

13.75

18.29

$36,429

4055

Ann Arbor

20.00

65.48

20.12

14.40

$48,550

4052

Ann Arbor

20.00

83.21

6.16

10.62

$67,112

4060

Ann Arbor

20.00

74.46

7.30

18.23

$95,278

Mean:

73.04

8.71

18.24

$68,070

Demographics for Lowest mRFEI Areas. The bottom 20% of tracts for grocery store
density represent only a portion of the tracts with an mRFEI score of 0. This score is important
as it represents tracts that could be identified as food deserts or no-access tracts. In total, 24% of
the tracts in the sample have an mRFEI score of 0. Because all of these tracts have the same
mRFEI and identifying characteristics of tracts with zero scores for mRFEI is essential to the
research questions in this study, they are all included in Table 8, rather than only the bottom
20%. Nearly all of the low mRFEI tracts are in Ann Arbor and predominately White. Only one
tract is located in Ypsilanti, which is consistent with the proportion of Ann Arbor to Ypsilanti
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tracts in the sample. The Ypsilanti tract is also the only tract that is not predominately White;
instead, this tract (Tract 4106) is 75% Black, 21% White, and 4% Asian (Table 8).
Six of the tracts with low mRFEI scores have higher than average Asian populations for
the sample area and city-specific Asian populations. Five of the seven tracts in Ann Arbor have
higher average Black populations that the city of Ann Arbor which is 8% Black in total (Table 1;
Table 8). Compared to the area average, only two of the low mRFEI tracts exceed the area-wide
Black population of 12%. Generally, low mRFEI tracts are predominately White and have
disproportionately high populations of Black residents compared to the city and area population
levels. The mean Black population for the lowest mRFEI tracts is 17%, compared with 12% for
the entire study area (Table 1; Table 8).
Table 8
Lowest mRFEI Tracts (area)
Tract (short)

City

mRFEI

% White

% Black

% Asian

Median Income

4008

Ann Arbor

0.00

75.45

8.36

16.19

$33,209

4007

Ann Arbor

0.00

91.26

4.90

3.84

$39,231

4021

Ann Arbor

0.00

67.78

11.55

20.67

$30,602

4056

Ann Arbor

0.00

56.48

27.08

16.44

$40,140

4034

Ann Arbor

0.00

91.67

6.43

1.90

$69,180

4032

Ann Arbor

0.00

81.98

9.81

8.22

$82,682

4038

Ann Arbor

0.00

60.23

22.99

16.78

$52,609

4031

Ann Arbor

0.00

82.23

1.56

16.21

$142,188

4023

Ann Arbor

0.00

83.50

2.35

14.15

$92,750

4106

Ypsilanti

0.00

21.13

75.12

3.74

$18,828

71.17

17.01

11.81

$60,142

Mean:

The low mRFEI tracts have a wide range of median income values, from $18.828 in tract
4106 located in Ypsilanti to tract 4031 with a median income of $142,188 (Table 8) . Of the 10
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tracts with zero scores for mRFEI, five meet or exceed the sample area’s median income, while
the other five fall below the area median as well as the city median for their respective cities.
Tract 4038 in Ann Arbor meets the area median income level, but falls below the Ann Arbor
median of $59,222 (Table 2; Table 8).
Overall, the income levels for the lowest mRFEI tracts, those with an mRFEI score of
zero, are roughly evenly split between the area's higher than average and below average income
levels. However, there are slightly more below-average income tracts when compared with city
averages, rather than the full sample area. Despite the great number of below-average income
tracts among low mRFEI tracts, the mean income level for this group of tracts is above the area’s
median income level. Because the mean is sensitive to outliers and two of the tracts in this group
have median income levels that are much higher than average, the mean value is higher despite
the greater proportion of below-average tracts.
Demographics for “Food Swamp” mRFEI areas. Of the 41 tracts in the sample area,
nine census tracts met the mRFEI criteria for a food swamp (mRFEI > 0 but < 10). These tracts
include the majority of Ypsilanti tracts in the sample (67% of Ypsilanti tracts). This is
noteworthy given that Ypsilanti tracts only comprise 22% of the total sample, but 67% of the
tracts identified as food swamps are in Ypsilanti (Table 9).
The 10 tracts identified as food swamps include seven predominately White tracts. All
but one of the Ypsilanti tracts have a proportionally higher White population than Ypsilanti’s
overall White population of 59%. The Ann Arbor tracts include one with a significantly lower
White population (45%) when compared with the city’s 69% White population, while the other
two reflect higher-than-average White populations exceeding 80% (Table 1; Table 9).
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One tract, 4107, is predominately Black and is located in Ypsilanti. Four of the tracts
have higher Black populations than the area rate of 12% (Table 1; Table 9). However, when
comparing the Black population for each tract with the respective city population rates, the
Ypsilanti tracts have lower than average Black populations while the Ann Arbor tracts include
two with below-average Black populations and one with an average Black population. The mean
Black population of 19% for food swamp tracts exceeds the area’s 12% Black population but is
quite a bit lower than Ypsilanti’s 32% Black population (Table 1; Table 9).
The Asian population is above the city’s rate for three Ypsilanti tracts and one Ann
Arbor tract. When compared to the full sample area, two food swamps tracts meet or exceed the
area’s 12% Asian population level (Table 1; Table 9). The mean Asian population of 9% in these
tracts is lower than the area and Ann Arbor rates of the Asian population, but quite a bit higher
than Ypsilanti’s 2% Asian population. The gap between the Ypsilanti Asian population rate and
the mean value for food swamps, despite the majority of these tracts being in Ypsilanti, is
primarily attributable to the high Asian population of 42% in tract 4036 in Ann Arbor (Table 9).
Generally, the food swamp tracts are predominately White with higher-than-average Black
populations compared with the area, but below-average when compared with the unique city
populations, particularly for the Ypsilanti tracts. Asian population in these tracts is generally at
or below average; however, one tract in this group is an outlier which skews the mean
percentage, with an Asian population of 42%.
Notably, the food swamp tracts have a mean income level that is quite a bit lower than
the area median income level, but slightly higher than Ypsilanti’s median income level (Table 2;
Table 9). However, the Ann Arbor tracts all have median incomes which are below-average
compared with the city as a whole. Meanwhile, 67% of the Ypsilanti tracts in the food swamp
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category have median income levels at the city’s median. Two of the Ypsilanti tracts are higherthan-average for income when compared with the full study area (Table 2; Table 9). The two
lowest income tracts are under $25,000 for median household income. One such tract is in
Ypsilanti while the other is in Ann Arbor (Table 9). Generally, the food swamp tracts fall below
the median income level for the study area; however, the Ypsilanti tracts are primarily higher
income when compared with Ypsilanti alone, while the Ann Arbor tracts are generally lower
income when compared with Ann Arbor alone. Compared to the highest and lowest mRFEI
groups, the food swamp tracts have the lowest mean income level.
Table 9
“Food Swamp” mRFEI Tracts (area)
Tract

Grocery

Fast-Food

Median

(short)

City

mRFEI

Density

Density

% White

% Black

% Asian

Income

4108

Ypsilanti

3.57

0.00

11.53

62.21

31.67

6.12

$31,285

4107

Ypsilanti

4.35

0.00

1.17

37.84

62.16

0.00

$22,619

4103

Ypsilanti

4.35

0.00

10.40

85.00

13.13

1.87

$40,915

4005

Ann Arbor

4.44

0.00

32.08

85.77

4.66

9.57

$22,088

4109

Ypsilanti

4.76

0.00

4.58

89.95

10.05

0.00

$54,375

4110

Ypsilanti

5.88

0.00

16.15

82.24

10.03

7.73

$30,492

4102

Ypsilanti

8.00

0.04

7.29

76.32

20.38

3.29

$59,688

4006

Ann Arbor

8.00

0.00

3.40

84.79

2.97

12.23

$52,240

4036

Ann Arbor

8.33

.57

9.84

45.48

12.65

41.87

$42,411

72.18

18.63

9.19

$39,568

Mean:

Figure 1 demonstrates the mRFEI scores for all tracts in the sample. Food deserts are
represented in red (0.0000), food swamps in orange (0.000001-9.999999), and the 20% highest
mRFEI tracts are represented in green (20.000000-33.333333).
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Figure 1
Census Tract Map of mRFEI Scores

Table 10
Spatial Measures of Food Environment Descriptive Statistics (city)
Ann Arbor
Mean

Max.

Min.

Ypsilanti
St. Deviation

Mean

Max.

Min.

St. Deviation

12.38

33.33

0.00

9.64

6.26

14.29

0.00

4.29

0.50

1.90

0.00

0.54

0.04

.30

0.00

0.10

5.65

32.08

0.00

6.46

6.37

16.15

0.39

5.35

Spatial Measures of the Food Environment. Fast-food and grocery store density are the
secondary dependent variables for this project. These variables, calculated by the Data Driven
Detroit research team using GIS analysis tools, provide a density score for each census tract
using a radius of 1 quarter mile (Data Driven Detroit, 2017; Veinot, Data Driven Detroit et al.
2016).
First, after removal of the outlier tract, fast-food density in the area had a minimum value
of 0 and a maximum value of 32.08. The mean density score for fast-food density is 5.81.
However, when looking at the cities independently, Ypsilanti’s mean fast-food density score is
slightly higher than Ann Arbor’s (6.37 for Ypsilanti, 5.65 for Ann Arbor), and Ypsilanti has no
tracts with a 0 score for fast-food density. Ypsilanti’s range is 0.39 to 16.5. On the other hand,
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Ann Arbor has 0 score tracts for fast-food density, and a higher maximum score of 32.08 (Table
10).
The mean value for grocery store density in the geographic area is 0.45 and the median is
0.19 with a standard deviation of 0.61. The highest grocery store density tract is in Ann Arbor,
with a density score of 1.9 (Table 10). In general, the higher density scores for the fast-food
variable, as compared with the much lower scores for grocery store density, indicate that fastfood restaurants throughout the study area may be more likely to be clustered together spatially,
while grocery stores may be more likely to be spread out within and across tracts (Table 11).
Table 11
Spatial Measures of Food Environment Descriptive Statistics (area)
Mean
mRFEI Score

Max.

Min.

St. Deviation

11.04

33.33

0.00

9.07

Grocery Store Density

0.45

2.60

0.00

0.61

Fast-food Density

5.81

32.08

0.00

6.18

Demographics for High Fast-Food Density Areas. The top 20% of tracts with the
highest fast-food density includes two Ypsilanti tracts and six Ann Arbor tracts. These tracts are
all predominately White. Most of these tracts have a higher-than-average White population than
the cities they are situated in; however, tract 4045 in Ann Arbor has a lower than average White
population at only 58% compared with the city’s 69%. In all but one of the high fast-food density
tracts, the Black population is lower than the area average. Of the six Ann Arbor tracts, four have
lower than average Black populations compared with the city’s population (less than 8%). Of the
two Ypsilanti tracts, one has a much lower Black population percentage than the city while the
other has a Black population below, but very near, the city’s population level (Table 1; Table
12).
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Four of the six Ann Arbor tracts have a lower than average Asian population while the
other two have above average Asian populations compared with the city population. The
Ypsilanti tracts have Asian populations that are quite a bit higher than the city’s rate of the Asian
population (6% and 8%, compared with the city at 2%). One Ann Arbor tract has a very high
Asian population compared to area and city-specific rates, with 32% Asian population in tract
4045. The mean Black and Asian populations are both lower than the total sample area’s
population composition. Generally, the tracts with high fast-food density are majority White
with average-to-low Black populations and generally low Asian populations compared with the
area population rates. (Table 1; Table 12)
The median household income for these high fast-food density tracts is generally low for
the Ann Arbor tracts, and close to average for the Ypsilanti tracts when comparing with the
corresponding city income levels. Of the Ann Arbor tracts in this high fast-food density group,
83% have below average median household income levels compared with the city of Ann Arbor,
with some falling just below average and others well below average. One Ann Arbor tract has
above average median household income. Two of the Ann Arbor tracts fall above the area
median. The two Ypsilanti tracts in the high fast-food density group both fall at or just below the
city median. The mean for income across all of these high fast-food density tracts of $41,315 is
below the area median of $52,609. In general, the tracts with the highest fast-food density have
lower than average median household income levels (Table 2; Table 12).
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Table 12
Highest Fast-Food Density Tracts (area)
Tract (short)

City

Fast- Food Density

% White

% Black

% Asian

Median Income

4005

Ann Arbor

32.08

85.77

4.66

9.57

$22,088

4035

Ann Arbor

13.78

89.62

7.16

3.22

$57,754

4008

Ann Arbor

13.37

75.45

8.36

16.19

$33,209

4054

Ann Arbor

12.61

91.25

6.56

2.19

$68,525

4045

Ann Arbor

11.96

57.84

9.94

32.21

$47,934

4108

Ypsilanti

11.53

62.21

31.67

6.12

$31,285

4007

Ann Arbor

11.34

91.26

4.90

3.84

$39,231

4110

Ypsilanti

16.15

82.24

10.03

7.73

$30,492

Mean:

79.46

10.41

10.13

$41,315

Demographics for Low Fast-Food Density Areas. The bottom 20% of tracts with
regards to fast-food density are primarily in Ann Arbor, with one tract in Ypsilanti. All of these
tracts are predominately White (Table 13). Of the Ann Arbor tracts, most have a higher White
population than the city rate of the White population. However, tract 4038 with a White
population rate of 60.23%, has a lower White population than the city rate of 69% (Table 1;
Table 13). This tract has a much higher than average Black population at 23%, compared with
the city rate of 12%. The Asian population in this tract is also slightly higher than average (17%
rather than 14%). Other than tract 4038, for the most part, the Ann Arbor tracts with the lowest
fast-food density also have relatively low to average Black populations compared with the city’s
overall population levels (Table 1; Table 13). The Ann Arbor tracts with low fast-food density
have a large range of Asian population rates, with tract 4034 having a well below the city’s
average Asian population (2% compared with 14% for the city). Meanwhile, tract 4060 is also a
low fast-food density tract and has an above average Asian population of 18% (Table 1; Table
13). The Ypsilanti tract has slightly above average White and Black populations compared with
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Ypsilanti’s overall population rates, and a lower than average Asian population by the same
standard. The mean population rates for Blacks and Asians are below the area average of 12%
per group, while the White Population is higher than the area average at 79% compared with the
sample area rate of 68% (Table 1; Table 13).
The median income for these low fast-food density tracts is generally high; nearly all
tracts are at or above the sample area median (Table 2; Table 13). One tract falls below the
sample area median, but higher than the median for the city (Ypsilanti, tract 4121) while another
tract falls at the median for the sample area, but slightly below its corresponding city median
(Ann Arbor, tract 4038). For the most part, tracts in this group have income levels considerably
higher than the median for the sample area and city levels. The mean income for this set of tracts
is $83,263 and 63% of these tracts have a median household income above $80,000 (Table 13).
Generally, the tracts with the lowest fast-food density have well above average median
household income.
Table 13
Lowest Fast-Food Density Tracts (area)
Tract (short)

City

Fast-Food Density

% White

% Black

% Asian

Median Income

4031

Ann Arbor

0.00

82.23

1.56

16.21

$142,188

4023

Ann Arbor

0.00

83.50

2.35

14.15

$92,750

4038

Ann Arbor

0.04

60.23

22.99

16.78

$52,609

4060

Ann Arbor

0.22

74.46

7.30

18.23

$95,278

4121

Ypsilanti

0.39

63.88

35.75

0.38

$35,440

4032

Ann Arbor

0.55

81.98

9.81

8.22

$82,682

4034

Ann Arbor

0.76

91.67

6.43

1.90

$69,180

4043

Ann Arbor

0.80

95.13

0.86

4.01

$95,977

79.14

10.88

9.99

$83,263

Mean:
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Figure 2 represents the fast-food density scores for tracts within the sample. The 20%
highest fast food density tracts are represented in dark red (10.4.000001-32.080000). The 20%
lowest fast-food density tracts are represented in green (0.000000-.8000000).
Figure 2
Census Tract Map of Fast-Food Density

Demographics for High Grocery Density Areas. The top 20% of tracts for grocery store
density are all located in Ann Arbor (Table 14). The racial composition of these tracts is varied.
While the White population is largest in all of the tracts, the degree to which other races
comprise the population is quite different. For example, the tract with the second highest grocery
store density also has a population that is 31% Black and the tract with the third highest density
has a 43% Asian population (Table 14). Compared with the city and area population rates, most
tracts have a below average percentage of Black residents. Only two tracts exceed the area rate
of 12% (tracts 4042 and 4046). The remainder of the tracts fall well below the area rate and
slightly below or below the Ann Arbor rate of 8% Black. The mean Black population for these
high grocery density tracts falls slightly above the Ann Arbor Black population share due to the
relatively high percentage of Black residents in tract 4042 (Table 1; Table 14).
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Of the eight tracts, three have Asian population rates higher than the sample area
population share of 12% while the others fall well below that rate. Two tracts have much higher
than average rates of the Asian population (4147 and 4025) with 21% and 43% Asian population
in those tracts (Table 1; Table 14). The mean percentage for the Asian population across the high
grocery density tracts is in alignment with the sample area Asian population (12%) but lower
than the Asian population share in Ann Arbor of 14% (Table 1; Table 14). Overall, the high
grocery store density tracts vary in racial composition. Some tracts have very high Asian or
Black populations relative to the area averages, and others have very low populations of Asian or
Black residents. These tracts mostly have below-average rates of non-White Residents compared
to the city and area-wide averages.
Regarding income, two of the tracts fall well below the city-wide median for Ann Arbor
($59,227), and two others fall close to, but still below, that number (Table 2; Table 14).
Therefore, 50% of the tracts with the highest grocery store density fall above the median income
for the city, while the other 50% fall below median income for the city. Two tracts fall below the
sample area average for median household income (4042 and 4007) while the remaining tracts
fall above area averages. However, despite some variation, the tracts with the highest grocery
store density primarily cluster fairly close to the sample area and city of Ann Arbor averages for
median household income (Table 2; Table 14).
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Table 14
Highest Grocery Store Density Tracts (area)

Tract (short)

City

Grocery Density

% White

% Black

% Asian

Median Income

4147

Ann Arbor

1.90

74.69

3.87

21.44

$60,699

4042

Ann Arbor

1.41

55.88

30.85

13.28

$33,167

4025

Ann Arbor

1.35

53.53

3.75

42.72

$68,563

4007

Ann Arbor

1.26

91.26

4.90

3.84

$39,231

4033

Ann Arbor

1.18

85.01

7.94

7.05

$70,781

4034

Ann Arbor

1.13

91.67

6.43

1.90

$69,180

4035

Ann Arbor

1.04

89.62

7.16

3.22

$57,754

4046

Ann Arbor

0.96

77.55

13.40

9.06

$55,039

Mean:

77.40

9.79

12.81

$56,801

Demographics for Low Grocery Density Areas. The bottom 20% of tracts for grocery
store density represent only a fraction of the tracts with the same density score of 0. In total, 45%
of the tracts in the sample have a zero value for grocery store density. Because all of these tracts
have the same grocery store density, they are all included below rather than a bottom 20%
selection. Table 15 shows these tracts. Among Ypsilanti’s nine tracts in the sample, seven of
those tracts have a grocery density score of zero and fall within the bottom half of the sample’s
grocery store density range. With regards to racial composition, these low-density tracts for
grocery stores have a variety of racial compositions including both tracts that are almost entirely
White, such as tract 4043 with a 95% White population, and also tracts that are predominately
Black such as tract 4106 with a 75% Black population. Tracts with higher than average Asian
populations also fall within this group, including tract 4021 with a 21% Asian population (Table
15).
The lowest tracts for grocery store density have a wide range of income levels, with Tract
4031 in Ann Arbor having a median income of $142,188 and Tract 4021 in Ann Arbor having a
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median income of $22,088 (Table 15). Both the highest and lowest income tract within this
group are located in Ann Arbor. Of the Ann Arbor tracts, five tracts fall above the city-median
income of $59,227 while seven fall about the city-median income. For the Ypsilanti tracts, half
fell below the city-median of $31,285 while the other half fell at or above this income level
(Table 2; Table 15). The mean median income level for these tracts is slightly above the area
median. There does not appear to be a generalizable pattern of income levels for the tracts with
low grocery store density as income levels both above and below average are equally
represented.
Figure 3
Census Tract Map of Grocery Store Density

Figure 3 represents the grocery store density for the census tracts in the sample. The 20%
highest grocery store density tracts are represented in green (0.960001-2.00000) while the lowest
grocery store density tracts are represented in red.
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Table 15
Lowest Grocery Store Density Tracts (area)
Tract (short)

City

Grocery Density

% White

% Black

% Asian

Median Income

4031

Ann Arbor

0.00

82.23

1.56

16.21

$142,188

4023

Ann Arbor

0.00

83.50

2.35

14.15

$92,750

4038

Ann Arbor

0.00

60.23

22.99

16.78

$52,609

4032

Ann Arbor

0.00

81.98

9.81

8.22

$82,682

4043

Ann Arbor

0.00

95.13

0.86

4.01

$95,977

4051

Ann Arbor

0.00

70.82

24.75

4.44

$42,033

4056

Ann Arbor

0.00

56.48

27.08

16.44

$40,140

4021

Ann Arbor

0.00

67.78

11.55

20.67

$30,602

4005

Ann Arbor

0.00

85.77

4.66

9.57

$22,088

4006

Ann Arbor

0.00

84.79

2.97

12.23

$52,240

4142

Ann Arbor

0.01

67.96

13.75

18.29

$36,429

4060

Ann Arbor

0.00

74.46

7.30

18.23

$95,278

4112

Ypsilanti

0.00

30.09

69.91

0.00

$22,351

4106

Ypsilanti

0.00

21.13

75.12

3.74

$18,828

4107

Ypsilanti

0.00

37.84

62.16

0.00

$22,619

4109

Ypsilanti

0.00

89.95

10.05

0.00

$54,375

4103

Ypsilanti

0.00

85.00

13.13

1.87

$40,915

4108

Ypsilanti

0.00

62.21

31.67

6.12

$31,285

Mean:

68.74

21.76

9.50

$54,188

Multivariate Analysis
Bivariate Correlation
Before regression analysis, correlations for the primary dependent and independent
variables in the study have been completed. Each racial group variable was analyzed for
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correlation with the Modified Retail Food Environment Index, grocery store density, and fastfood density variables. The correlation was also calculated between median household income
and each of the dependent variables. Correlation strength is considered to be weak if the value is
below 0.30, moderate if the value is between 0.30 and 0.50 and strong if the value is greater than
0.50 (Field, 2018).
Independent Variable Collinearity. Before completing further analysis of the
dependent variables, correlations between the independent variables were assessed for
multicollinearity to ensure that the independent variables do not have a perfect, or near perfect,
correlation with each other (Field, 2018). Ensuring that the independent variables do not have
multicollinearity is important to eliminate redundancy and error from the more complex tests,
such as linear regression, later in the data analysis (Pennsylvania State University, 2018).
Table 16
Correlations (Independent Variables)

Median Income

Pearson Correlation

Median Income

Black Pop

White Pop

Asian Pop

1

-0.671**

0.473**

0.039

<0.000

0.002

0.807

41

41

41

Sig. (2-tailed)
N

41

The Black population has a somewhat high Pearson’s correlation with median household
income. As shown in Table 16, both Black and White populations show a significant correlation
with median household income; however, the relationship to median household income for the
Black population is negative while positive for the White population. Therefore, a higher Black
population correlates with lower median household incomes and vice versa for a higher White
population. For the Asian population, there is a weak positive correlation with no statistical
significance.
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To ensure that multicollinearity for all race variables would not negatively affect future
models, collinearity diagnostics were also completed using the SPSS software (Table 17). A
variance inflation factor (VIF) value of between 1 and 5 indicates moderate collinearity. The VIF
is indicative of the strength of correlation between two independent variables (Zach, 2020). Each
race variable has very low-moderate VIF scores, so no further steps are needed to address
multicollinearity (Zach, 2020).
Table 17
Collinearity Diagnostics
Collinearity Statistics
Model
1

Tolerance

VIF

Black Pop (log)

0.931

1.075

White Pop (log)

0.893

1.120

Asian Pop

0.951

1.051

a. Dependent Variable: Median Income (log)

Significant Correlations.
Race and Fast-Food Density. In some cases, variables with no significant correlation in
a bivariate correlation test proved to be significant when controlling for the median income
variable. For example, there is a weak but positive, statistically insignificant correlation between
the Black population and fast-food density in the simple Pearson’s correlation (Table 18).
However, a partial correlation between these two variables controlling for median household
income indicates a moderate and statistically significant negative correlation of -0.319 with a
significance of 0.045 (Table 19). Figure 4 demonstrates the distribution of Black population
across tracts with varying-fast-food density scores. This map uses dot density, with each dot
representing 100 individuals in the population. It is not indicative of the exact spatial distribution
of residents of any racial group.
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At the same time, the White population had a mild, insignificant positive correlation with
fast-food density in the Pearson’s correlation, yet a moderate (0.515) and statistically significant
(0.001) correlation exists when controlling for median household income (Table 18; Table 19).
Figure 5 shows a visual representation of White population distribution overlaying the fast-food
density values for each tract. The Asian population was not significantly correlated with fastfood density regardless of the presence of a control variable.
Table 18
Correlation (Fast-food Density and Race)
Fast-food Density
Fast-food Density

Pearson Correlation

Black Pop

1

Sig. (2-tailed)
N

White Pop

Asian Pop

0.047

0.231

0.078

0.771

0.146

0.626

41

41

41

41

Table 19
Partial Correlation (Fast-food Density and Race, Controlling for Income)

Control Variables
Median HH Income Fast-food Density Correlation
Significance (2-

Fast-food

Black

Density

Pop.

Asian
White Pop

Pop

1.000

-0.319

0.515

0.102

.

0.045

<0.001

0.530

0

38

38

38

tailed)
df
Figure 4
Map of Fast-Food Density and Black Population Distribution

Figure 5: Map of Fast-Food Density and White Population Distribution
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Figure 5
Map of Fast-Food Density and White Population Distribution

Race and the Modified Retail Food Environment Index. The mRFEI score is the
primary indicator of the quality of the food environment for this study because it includes both
healthy and unhealthy food retail sources in its final score, accounting for the overall food
landscape in the area. While mRFEI was correlated with all race categories, only the Asian
population was significantly correlated with mRFEI score (Table 20). Asian population had a
mild-moderate (0.279), but significant (0.077), positive correlation with mRFEI score. This
correlation indicates that in tracts with higher Asian population, mRFEI scores for those tracts
also increase, indicating a healthier overall food environment with a higher proportion of healthy
vs. unhealthy food retail sources (CDC, 2011a; Cooksey-Stowers et al. 2017).
Table 20
Correlation (mRFEI and Race)

mRFEI Score
mRFEI Score

Pearson Correlation

1

Sig. (2-tailed)
N

41

Black Pop

White Pop

Asian Pop

-0.166

0.137

0.279

0.300

0.393

0.077

41

41

41
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Figure 6
Map of mRFEI and Asian Population Distribution

A partial correlation controlling for median household income with the mRFEI and race
variables shows a weakening of the correlation between Black and White population, while the
correlation between Asian population and mRFEI is largely unchanged both in strength and
significance (Table 21). The Black and White population become very weakly positively
correlated with mRFEI when controlling for income. This indicates that income may be a
stronger predictor of mRFEI than race for Black and White residents since controlling for
income reduced the relationship between race and mRFEI to nearly non-correlation. Notably,
these relationships continue to lack statistical significance when controlling for income. For
Asian residents, race remains meaningfully correlated with mRFEI score across all income
levels, possibly indicating that a higher Asian population is linked to overall healthier food retail
environments, regardless of income. Figure 6 provides a visual representation of Asian
population density and mRFEI score.
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Table 21
Partial Correlation (mRFEI Score and Race, Controlling for Income)
mRFEI
Control Variables
Median HH Income

Score
mRFEI

Correlation

Score

Black Pop

White Pop

Asian Pop

1.000

0.029

0.007

0.280

Significance (2-tailed)

.

0.860

0.966

0.081

df

0

38

38

38

Income and mRFEI. These variables show a low-moderate positive correlation of 0.278,
indicating that as median household income rises in the sample set, the modified retail food
environment index value also increases. Median household income also had a statistically
significant correlation with mRFEI score. As noted previously, an increased mRFEI score
indicates an overall more balanced or acceptable food environment related to the proportion of
healthy and unhealthy food retailers (Table 22).
Table 22
Correlation (Income and mRFEI Score)
Median HH Income
Median HH Income

Pearson Correlation

mRFEI Score
1

Sig. (2-tailed)
N

0.278
0.079

41

41

Income and Fast-Food Density. A significant moderate negative correlation exists
between median household income and fast-food density with a value of -0.48 (Table 23). This
indicates that as median household income increases within a tract, the fast-food density in that
area decreases. This could indicate lower numbers of fast-food restaurants in higher-income
tracts or that fast-food restaurants in those tracts are more spaced out than in lower income tracts.
However, given the correlation between mRFEI and income and the correlation between fastfood density and income it is possible that higher income tracts have fewer overall fast-food
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restaurants than lower income tracts, resulting in overall higher mRFEI scores and lower fastfood density ratings. This possible explanation for the fast-food density correlation with income
is consistent with the income patterns in the top 20% of fast-food density tracts, which have
higher than average income levels (Table 13).
Table 23
Correlation (Income and Fast-Food Density)
Median HH Income
Median HH Income

Pearson Correlation

Fast-food Density
1

-0.394*

Sig. (2-tailed)
N

0.011
41

41

*. Correlation is significant at the 0.05 level (2-tailed).

Insignificant Correlations. In addition to the significant correlations identified through
bivariate and partial correlations, the insignificant correlations are also important to acknowledge
and discuss. When a relationship exists, but lacks statistical significance, it could mean that the
relationship is due to random chance or other factors influencing the relationship (Field, 2018;
Healey, 2016). It is also possible that these correlation models are biased due to either the small
sample size or the combining of multiple data sources to create the data set used in this study.
Income and Grocery Store Density. While income was significantly correlated with both
mRFEI and fast-food density, there was no significant correlation between income and grocery
store density. There is, however, a weak (0.197) but positive relationship between income and
grocery store density (Table 24). Partial correlations using the data set for this study do not
indicate that controlling for any racial groups’ population results is significant in the relationship
between income and grocery store density. It is unlikely that race explains the variance seen
when relating median household income to grocery store density.
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Table 24
Correlation (Income and Grocery Store Density)
Median HH Income
Median HH Income

Pearson Correlation

Grocery Store Density
1

0.197

Sig. (2-tailed)

0.217

N

41

41

Race and Grocery Store Density. No racial groups had significant correlation with the
grocery store density variable in the simple Pearson’s correlation. Black population had a mild
but insignificant negative correlation (-0.216) with grocery store density, while the White and
Asian population had very weak positive correlations that were also not significant (Table 25).
Controlling for household income reduced both the strength of the relationship and the
significance scores for all racial groups, with each group having a weaker correlation and
significance scores trending even further from significance (Table 26). Coupled with the
insignificant results for income and grocery store density, it is likely that neither racial
composition nor median household income are significant factors in the prediction of grocery
store density. Notably, this does not indicate a relationship or lack thereof for the number or
presence of grocery stores, but rather the spatial distribution of grocery stores within the
boundaries of the tracts.
Table 25
Correlation (Grocery Store Density and Race)

Grocery Store
Density
Grocery Store Density

Pearson Correlation

Black Pop
1

Sig. (2-tailed)
N

41

White Pop

Asian Pop

-0.216

0.061

0.075

0.176

0.704

0.642

41

41

41
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Table 26
Partial Correlation (Grocery Store Density and Race, Controlling for Income)
Grocery Store
Control Variables
Median HH Income

Density
Grocery Store

Correlation

Density

Black Pop White Pop

Asian Pop

1.000

-0.115

-0.037

0.068

Significance (2-tailed)

.

0.481

0.820

0.675

df

0

38

38

38

Linear Regression
mRFEI Regression Analysis. For each race group, a linear regression test was run using
SPSS software. Median household income was incorporated alongside race as an additional
predictor, or independent variable, which may influence the linear relationship between a race
group and the mRFEI score.
Asian Population and mRFEI Regression Results. Both median income and Asian
population have statistically significant coefficients at the 90% (0.100) level (Table 27). Of the
race groups, only Asian population could significantly predict changes to the mRFEI score
(Table 28). When standardized, both median income and Asian population size have very similar
strength in predicting the Modified Retail Food Environment index value as evidenced by their
similar standardized coefficient values in Table 27.
Table 27
Coefficients (mRFEI, Asian Population and Median Income)
Standardized
Unstandardized Coefficients
Model
1

B
(Constant)

Std. Error

-43.835

29.532

Median Income (log)

4.851

2.721

Asian Population

0.006

0.003

Coefficients
Beta

t

Sig.

-1.484

0.146

0.267

1.783

0.083

0.269

1.795

0.081

a. Dependent Variable: mRFEI

The linear model significantly predicts how Asian population rates result in changes to
the mRFEI score. In this case the change attributed to the Asian population on the mRFEI score
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is positive, albeit small, with a coefficient of 0.006 (Table 27). Therefore, for each additional
“unit” or increase in the Asian population, an average 0.006 increase in mRFEI can be expected
(Berg, n.d.; Field, 2018; Healey, 2016). This rate of change controls for changes to median
income since both variables are predictors in this regression, indicating that regardless of
income, the Asian population has a positive linear relationship with mRFEI score and that this
relationship is statistically significant at the 95% (0.05) level (Table 28).
Table 28
ANOVA (mRFEI, Asian Population and Median Income)
Model
1

Sum of Squares
Regression

df

Mean Square

490.932

2

245.466

Residual

2798.824

38

73.653

Total

3289.756

40

F
3.333

Sig.
0.046b

a. Dependent Variable: mRFEI
b. Predictors: (Constant), Asian Population, Median Income (log)

Black Population and mRFEI Regression Results. The size of the Black population did
not have a significant linear relationship with the Modified Retail Food Environment score in the
sample area. While the results are not significant, it is noteworthy that the relationship is positive
between the Black population and mRFEI (Table 29; Table 30). In the correlations for this data,
Tables 20 and 21 demonstrated what happens to the correlation between the Black population
and mRFEI when income is controlled for, the correlation without controlling for income was
negative. Yet when controlling for income the relationship became positive. This positive
relationship when controlling for income carries over in the regression model (Table 29).
However, in addition to being statistically insignificant the relationship is also weak as shown by
the standardized coefficient value of 0.037 for Black population (Table 29).
The lack of significance in this model (0.214) could be due to the small sample size or
bias introduced by combining data sets; however, it is also possible that these non-significant
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results indicate that some other variable influences the relationship between Black population
and mRFEI (Table 30). Finally, it is entirely possible that there simply is not a meaningful linear
relationship between the size of the Black population and the mRFEI score.
Table 29
Coefficients (mRFEI, Black Population and Median Income)
Standardized
Unstandardized Coefficients
Model
1

B
(Constant)

Coefficients

Std. Error

Beta

-50.370

48.640

Median Income (log)

5.497

3.818

Black Pop (log)

0.319

1.804

t

Sig.

-1.036

0.307

0.303

1.440

0.158

0.037

0.177

0.860

a. Dependent Variable: mRFEI

Table 30
ANOVA (mRFEI, Black Population and Median Income)
Model
1

Sum of Squares
Regression

df

Mean Square

256.046

2

128.023

Residual

3033.710

38

79.834

Total

3289.756

40

F

Sig.
1.604

0.214b

a. Dependent Variable: mRFEI
b. Predictors: (Constant), Median Income (log), Black (log)

White Population and mRFEI Regression Results. The coefficients for this model
indicate a positive relationship between the White population and mRFEI, but it is both very
weak, as evidenced by the standardized coefficient of 0.008, and statistically insignificant (Table
31). As with the Black population, the White population did not produce a statistically significant
linear model in relationship to the mRFEI score variable (Table 32). This is consistent with the
correlations between the White population and mRFEI which indicated a weak positive
relationship with no statistical significance (Table 21). As with the black population model in
Table 30, the statistical insignificance of this model may be attributed to the small sample, data
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bias, or other extraneous variables. It could also indicate a true lack of linear relationship
between White population size and the mRFEI scores in the sample area.
Table 31
Coefficients (mRFEI, White Population and Median Income)
Standardized
Unstandardized Coefficients
Model
1

B
(Constant)

Std. Error

-43.933

31.234

Median Income (log)

4.979

3.213

White (log)

0.125

2.915

Coefficients
Beta

t

Sig.

-1.407

0.168

0.274

1.550

0.130

0.008

0.043

0.966

a. Dependent Variable: mRFEI
Table 32
ANOVA (mRFEI, White Population and Median Income)

Model
1

Sum of Squares
Regression

df

Mean Square

253.693

2

126.846

Residual

3036.063

38

79.896

Total

3289.756

40

F

Sig.
1.588

0.218b

a. Dependent Variable: mRFEI
b. Predictors: (Constant), White (log), Median Income (log)

Fast-food Density Regression Analysis. Fast-food Density had a significant linear
relationship with all three race group variables when controlling for median household income.
White Population and Fast-Food Density Regression Results. First, the White
population showed a positive relationship to fast-food Density. According to the unstandardized
coefficient, the relationship effect size is 6.04 (Table 33). However, because the log
transformation was used for the White population variable, it is impossible to indicate from this
model the exact effect of each unit increases in the White population on fast-food density.
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The relationship between the White population and fast-food density is significant at the
99% (0.001) level. Compared with the influence of median household income, the White
population has a slightly weaker relationship, as evidenced by the standardized coefficients in
Table 33. In this model, when controlling for White population size, the relationship of median
income to fast-food density is negative (Table 33).
The regression model for the White population, controlling for median income, is
significant at the 99% level (<0.001). This means that the linear model can predict how increases
in the White population will influence fast-food density with a high confidence level (Table 34).
Table 33
Coefficients (Fast-food Density, White Population and Median Income)
Standardized
Unstandardized Coefficients
Model
1

B

Std. Error

Beta

(Constant)

47.467

17.453

Median Income (log)

-8.018

1.795

6.036

1.629

White (log)

Coefficients
t

Sig.

2.720

0.010

-0.648

-4.466

<0.001

0.537

3.705

<0.001

a. Dependent Variable: Fast-food Density

Table 34
ANOVA (Fast-food Density, White Population and Median Income)
Model
1

Sum of Squares

df

Mean Square

Regression

579.271

2

289.635

Residual

947.980

38

24.947

1527.251

40

Total

F

Sig.

11.610

<0.001b

a. Dependent Variable: Fast-food Density
b. Predictors: (Constant), White (log), Median Income (log)

Black Population and Fast-Food Density Regression Results. Unlike the model for the
White population, the model for the Black population and median income shows that both the
black population and median income negatively correlate with fast-food density scores (Table
35). The strength of the relationship is quite a bit higher for median income as compared with the
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Black population according to the standardized coefficients in Table 35. This differs from the
White population findings, where the White population was weaker, but only slightly, than
median income (Table 33).
The regression model for the Black population and fast-food density, controlling for
median household income, is significant at the 95% level. Therefore, the model for the Black
population predicts fast-food density with a 95% confidence level (Table 36). However, the
relative strength of median income compared with the Black population as shown in Table 35
indicates that the model may be influenced more heavily by income than race when comparing
this particular set of variables. However, this does not negate the role of the Black population
which does have a significant coefficient and an overall significant regression model (Table 35;
Table 36).
Table 35
Coefficients (Fast-food Density, Black Population and Median Income)
Standardized
Unstandardized Coefficients
Model
1

B
(Constant)

Coefficients

Std. Error

Beta

107.063

30.065

Median Income (log)

-8.162

2.360

Black (log)

-2.314

1.115

t

Sig.
3.561

0.001

-0.659

-3.459

0.001

-0.396

-2.076

0.045

a. Dependent Variable: Fast-food Density
Table 36
ANOVA (Fast-food Density, Black Population and Median Income)

Model
1

Sum of Squares
Regression

df

Mean Square

368.194

2

184.097

Residual

1159.057

38

30.501

Total

1527.251

40

a. Dependent Variable: Fast-food Density
b. Predictors: (Constant), Black (log), Median Income (log)

F

Sig.
6.036

0.005b
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Asian Population and Fast-Food Density Regression Results. In the case of the Asian
population the relationship to fast-food density is weak in strength and has a minimal effect, yet
the Asian population demonstrated a significant linear relationship with fast-food density (Table
37, Table 38.) Also notably, the effect and strength of median household income decreases
compared to the Black and White population models when using the Asian population as the
constant. This could indicate that the overall influence of income in the regression model is less
when controlling for the Asian population, and higher or more impactful when controlling for the
other racial groups (Table 33; Table 35; Table 37).
However, despite the lower effect size and strength for income in this model, the Asian
population has an insignificant coefficient in this model (Table 37). This means that while the
role of income decreases in relation to fast-food density when using the Asian population as the
control, Asian population itself, when controlling for median household income, does not predict
fast-food density.
Table 37
Coefficients (Fast-food Density, Asian Population and Median Income)

Standardized
Unstandardized Coefficients
Model
1

B

Std. Error

(Constant)

58.677

19.948

Median Income (log)

-4.920

1.838

0.001

0.002

Asian (log)
a. Dependent Variable: Fast-food Density

Coefficients
Beta

t

Sig.

2.942

0.006

-0.397

-2.677

0.011

0.094

0.634

0.530
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Table 38
ANOVA (Fast-food Density, Asian Population and Median Income)
Model
1

Sum of Squares
Regression

df

Mean Square

250.297

2

125.149

Residual

1276.954

38

33.604

Total

1527.251

40

F

Sig.
3.724

0.033b

a. Dependent Variable: Fast-food Density
b. Predictors: (Constant), Asian, Median Income (log)

Grocery Store Density Regression Analysis. None of the race variables significantly
predicted grocery store density. Median income also did not predict grocery store density. As
with all other models, the lack of significance may be attributed to the small sample, data bias, or
extraneous variables influencing the model. It is also possible that race and income simply do not
predict grocery store spatial distribution or density. Notably, this does not indicate whether these
variables might influence the number of, or the mere presence of, grocery stores in
neighborhoods with certain racial or economic characteristics but rather whether race or income
predicts the clustering, or spatial closeness, of grocery stores to one another in each tract. While
these models are not significant, they still reveal the direction of relationships between race and
income variables in predicting grocery store density.
White Population and Grocery Store Density Regression Results. The relationship
between the White population and grocery store density within the linear model is weak, but
negative and the overall model is not statistically significant (Table 39; Table 40). The model
indicates no statistical significance for the coefficients for median household income or White
population; however, the strength of median income is higher than that of the White population.
While this regression model is not significant, it may still reveal helpful information about the
influence of income compared with race when attempting to predict grocery store density. In this
case, income has a positive relationship to grocery store density, and this relationship is also
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stronger than the negative relationship observed for the White population, therefore the role of
income may be more impactful for grocery store density than racial group size (Table 39).
Table 39
Coefficients (Grocery Store Density, White Population and Median Income)

Standardized
Unstandardized Coefficients
Model
1

B
(Constant)

Std. Error

Beta

-1.739

1.807

0.223

0.186

-0.039

0.169

Median Income (log)
White (log)

Coefficients
t

Sig.

-0.962

0.342

0.217

1.201

0.237

-0.041

-0.229

0.820

a. Dependent Variable: Grocery Store Density

Table 40
ANOVA (Grocery Store Density, White Population and Median Income)

Model
1

Sum of Squares
Regression

df

Mean Square

0.426

2

0.213

Residual

10.165

38

0.267

Total

10.590

40

F

Sig.
0.796

0.459b

a. Dependent Variable: Grocery Store Density
b. Predictors: (Constant), White Pop (log), Median Income (log)

Black Population and Grocery Store Density Regression Results. The coefficient for the
relationship between the Black population and grocery store density is also negative and is weak
as well as statistically insignificant (Table 41). However, unlike the White population model, the
Black population model’s standardized coefficients indicate higher strength for the Black
population than for median income (Table 41). As indicated in Table 41, the regression model is
insignificant. However, the coefficients may indicate that there is greater strength in the ability
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for the Black population variable to predict grocery store density than in the income variable,
although neither variable is able to predict grocery store density in a statistically significant way.
Table 41
Coefficients (Grocery Store Density, Black Population and Median Income)
Standardized
Unstandardized Coefficients
Model
1

B
(Constant)
Median Income (log)
Black (log)

Coefficients

Std. Error

Beta

-0.267

2.799

0.098

0.220

-0.074

0.104

t

Sig.

-0.095

0.924

0.095

0.447

0.657

-0.152

-0.712

0.481

a. Dependent Variable: Grocery Store Density
Table 42
ANOVA (Grocery Store Density, Black Population and Median Income)

Model
1

Sum of Squares
Regression

df

Mean Square

.546

2

0.273

Residual

10.045

38

0.264

Total

10.590

40

F

Sig.
1.032

0.366b

a. Dependent Variable: Grocery Store Density
b. Predictors: (Constant), Black (log), Median Income (log)

Asian Population and Grocery Store Density Regression Results. Unlike the White and
Black population variables, the Asian population variable had a positive relationship with
grocery store density when looking at the coefficients for the model (Table 43). As with the
White and Black population variables, the Asian population did not produce a statistically
significant regression model (Table 44). Within the model, median income continues to have a
positive relationship to grocery store density, as it was with the White and Black population
models (Table 39; Table 41; Table 43). In this model, median income does have a higher
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standardized coefficient than the Asian population, indicating greater strength in predicting the
model.
Table 43
Coefficients (Grocery Store Density, Asian Population and Median Income)
Standardized
Unstandardized Coefficients
Model
1

B
(Constant)

Std. Error
-1.812

1.777

0.201

0.164

8.611E-5

0.000

Median Income (log)
Asian

Coefficients
Beta

t

Sig.

-1.020

0.314

0.195

1.225

0.228

0.067

0.423

0.675

a. Dependent Variable: Grocery Store Density

Table 44
ANOVA (Grocery Store Density, Asian Population and Median Income)

Model
1

Sum of Squares
Regression

df

Mean Square

0.459

2

0.230

Residual

10.131

38

0.267

Total

10.590

40

F

Sig.
0.861

0.431b

a. Dependent Variable: Grocery Store Density
b. Predictors: (Constant), Asian, Median Income (log)

As with all of the grocery store models, the coefficients and the regression are
statistically insignificant, so while the model can reveal some insight into the direction and
potential strength of relationships the predictor variables cannot significantly predict changes to
the dependent variable, grocery store density.
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Chapter 5: Summary and Conclusion
Result Summaries
Descriptive Research Questions
Of the six research questions for this study, three rely on the descriptive statistics analysis
from Chapter 4. These descriptive research questions rely on understanding patterns and trends
in neighborhoods with certain types of food environments and comparing those trends to the
sample area as a whole, and to the individual cities, Ann Arbor and Ypsilanti, which comprise
the sample area.
Q1: What are the Racial and Socioeconomic Characteristics of Neighborhoods with
the Most and Least Healthy Food Landscapes in Ann Arbor and Ypsilanti?
Characteristics of the Healthiest Neighborhood Food Landscapes. The neighborhoods
with the healthiest food landscapes, as indicated by high mRFEI scores, are all located in the city
of Ann Arbor (Table 7). However, the sample includes many more Ann Arbor neighborhoods
than Ypsilanti neighborhoods due to the larger size of Ann Arbor than Ypsilanti. Therefore, it is
also helpful to note that among these top-mRFEI tracts, all have an mRFEI score at or above 20.
Meanwhile, Ypsilanti’s healthiest neighborhood food environment has an mRFEI score of 14.26
(Table 5). Therefore, the healthiest food landscapes in the sample area all fall within the city of
Ann Arbor. Still, those neighborhoods also have notably healthier food landscapes than any of
the Ypsilanti neighborhoods.
The racial composition of high mRFEI tracts, or healthy food landscape neighborhoods,
is largely comprised of Whites, with higher-than-average Asian populations and relatively
average Black populations compared to the city of Ann Arbor and the larger sample area of both
cities. Therefore, the characteristics of the neighborhoods with the healthiest food landscapes are
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largely White with above-average Asian populations, slightly below average Black populations
and are generally higher income when compared with the rest of the city or sample area. The
healthiest food environment tracts are also generally high income when compared with the city
of Ann Arbor and with the combined sample area (Table 7).
Characteristics of the Least Healthy Neighborhood Food Landscapes. Neighborhoods
with either a zero score for mRFEI or a score meeting the criteria for a food desert fall within the
category of “least healthy” neighborhood food environments for this study.
The demographic characteristics of these tracts is predominately White, with
disproportionately high Black populations relative to their respective cities and the combined
sample area. The average Asian population among these tracts is fairly close to the area average;
however, the tracts vary widely from those with very low Asian populations to some with very
high Asian populations. Regarding income, the tracts in this group of “least healthy food
landscapes” typically fall below their city or area averages when located in Ann Arbor, but fairly
close to average when located in Ypsilanti. This is especially true of the food swamp tracts,
where the median income for these tracts in Ypsilanti was near, or even above, the city’s median
income levels. Generally, those tracts with the least healthy food landscapes have relatively
average White population, above-average Black population, and average Asian population
compared to the sample area as a whole; they also have lower levels of household income when
compared with the entire sample area’s median income levels.
Q2: What are the Racial and Economic Characteristics of Neighborhoods with the
Highest and Lowest Fast-Food Restaurant Density in Ann Arbor and Ypsilanti?
Characteristics of High Fast-Food Density Neighborhoods. The neighborhoods with the
highest fast-food density scores were split among Ann Arbor and Ypsilanti and were all
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predominately White, with above average White populations relative to the sample area (Table
12). The average Black and Asian population in high fast-food density tracts is generally lower
than average compared with the sample area. These neighborhoods are generally lower income
than the area and city averages. Generally speaking, high fast-food density tracts tend to be
disproportionately White compared to area norms with lower-than-average median household
income levels.
Characteristics of Low Fast-Food Density Neighborhoods. Generally speaking, those
tracts with the lowest fast-food density are high income, disproportionately White neighborhoods
when compared with the rest of the sample area (Table 13). The neighborhoods with the lowest
fast-food density are also predominately White with an average White population that is 10%
higher than the area’s White population. On average, these tracts have below average Black and
Asian populations. Economically, these tracts are notable higher in median household income
than the area and city median income levels. That Blacks have less access to fast food is
consistent with the findings of Baker et al. (2006).
Q3: What are the Racial and Economic Characteristics of Neighborhoods with the
Highest and Lowest Grocery Store Density in Ann Arbor and Ypsilanti?
Characteristics of High Grocery Store Density Neighborhoods. Neighborhoods with
high grocery store density vary considerably regarding racial composition. A few have
disproportionately large Black and Asian populations, while most have average or below average Black and Asian population rates (Table 14). On average, the Black population in high
grocery density tracts is below the area average while the Asian population is near the average
for the area and the White population falls above average. The tracts were split 50/50 above and
below the median income level for the sample area. On average, these tracts fell fairly near the
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area median income levels. In general, high grocery density neighborhoods for the sample area
are disproportionately White with average income levels, although some outliers exist in this
group.
Characteristics of Low Grocery Store Density Neighborhoods. Nearly half of the
neighborhoods in the sample area have a grocery store density value of zero. Among the
Ypsilanti tracts in the sample area, 78% had a grocery store density of zero. These tracts have a
fairly average White population compared with the sample area, a slightly below average Asian
population, and a disproportionately high Black population. The average for median income
levels among these neighborhoods fall close to the area median; however, a great deal of variety
is observed between the neighborhoods. The median income levels range considerably, from
$124,186 at the high end to $18,282 at the low end (Table 15).
Multivariate Research Questions
Q4: What is the Relationship Between Income and Healthy and Unhealthy Food
Landscape Features in the Area?
Median household income correlates significantly with both fast-food density and
mRFEI, but not with grocery store density (Table 22; Table 23). Median household income and
mRFEI scores have a positive correlation, indicating that higher income neighborhoods also
benefit from healthier ratios of healthy to unhealthy food retailers. In the linear regression
models for all three racial groups, the coefficients were positive and similar in strength, falling
between .200 and .300 (Table 27; Table 29; Table 31). However, the coefficient for income was
not significant when controlling for Black or White racial groups.
The relationship of median household income to fast-food density is negative, indicating
that neighborhoods with higher income levels have less spatially dense fast-food restaurant
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distribution while low-income neighborhoods may have more spatially dense fast-food
restaurants. This may be due either to higher numbers of fast-food restaurants in lower income
neighborhoods but may also indicate that the spatial distribution of fast-food restaurants differs
between high- and low- income tracts, regardless of the number of establishments in the area. In
the linear regression models for fast-food density, median household income had a negative, and
statistically significant, coefficient when controlling for each of the three racial group
populations. This indicates that the relationship between median income and fast-food density is
relatively stable in each of the regression models.
Q5: Are Racial Differences in the Spatial Distribution of Healthy and Unhealthy
Food Retailers Significant in the Area when Controlling for Income?
When controlling for median household income, racial group populations are correlated
with fast-food density, but none of the racial groups show a significant correlation to grocery
store density. Race does not appear to have any significant correlation or linear relationship with
grocery store density in the correlations and linear regression models, regardless of median
income levels
Of the racial groups, both the Black and White population are correlated with fast-food
density. Specifically, the Black population is negatively correlated with fast-food density while
the White population is positively correlated with fast-food restaurant density. In the bivariate
correlations, the Asian population is not significantly correlated with fast-food density but does
have a positive relationship to it (Table 19).
The correlations and linear regression models indicate that the Black and White
population is significantly related to fast-food density. The Black population predicts lower fastfood density and the White population predicts higher fast-food density. The Asian racial group

EXPLORING THE FOOD LANDSCAPE

74

population does not appear to have a significant relationship to the spatial distribution of healthy
(grocery stores) or unhealthy (fast-food) food sources in the sample area.
Q6: Does Neighborhood Racial Composition Predict Neighborhood Food
Environment Quality (mRFEI score) to a Significant Degree when Controlling for
Household Income?
In correlations and regression analysis, only the Asian population was able to predict
mRFEI scores. The relationship between Asian population rates and the mRFEI score is positive.
This indicates that a higher Asian population expects an overall healthier food access landscape
while the Black and White population do not have a significant linear relationship to the overall
health of the food landscape, as measured by the mRFEI score. In the regression models, the
coefficient for the Asian population was similar in strength to that of median income, which was
also significant (Table 27).
Black and White racial group population changes do not demonstrate a significant
correlation or predictive model for the mRFEI. In both the Black and White regression models,
both the racial group and median income coefficients are insignificant. Therefore, the Black and
White population groups did not have significant correlations or linear relationships to mRFEI
score, controlling for them also reduced the significance of median income on the mRFEI score
variable in the linear regression models.
Discussion of Results and Theoretical Application
Theoretical Perspectives and the Retail Food Environment
Modified Retail Food Environment Index and Spatial Assimilation. The Modified
Retail Food Environment Index is the primary indicator of neighborhood food landscape quality
for the purposes of this study because it helps identify potential food deserts, swamps, and
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healthy food environments all through the use of one score, calculated using a ratio of healthy to
unhealthy food retailers (Cooksey-Stowers et al. 2017). Higher mRFEI scores were significantly
correlated with higher income and Asian population rates, but not with the Black or White
population.
Most food environment research indicates that higher Black population is meaningfully
correlated with worse food environments, including residence in food deserts and food swamps
(Beaulac et al. 2009; Dutko et al. 2012; Walker et al. 2010; Winkler et al. 2019). In this study, no
significant correlation or model has been found to support the claim that neighborhoods with
higher Black populations are more likely to have low mRFEI scores. Meanwhile, income levels
within the sample area indicate a significant correlation with the mRFEI. The insignificant
results for the Black population and mRFEI may result from the small sample size, potential bias
introduced through combining multiple data sets, or some other extraneous variable that should
be controlled for but was not included in this study.
Theoretically, it is also possible that spatial assimilation theory explains the
insignificance of the Black race alongside the significance of income when predicting the overall
neighborhood food quality using mRFEI score as an indicator (Massey & Denton, 1985; Pias et
al. 2012). This theoretical lens could explain the results by claiming that as Black residents
achieve higher SES, in this case represented by median household income, they are likely to
reside in qualitatively better neighborhoods including those with more favorable food
environments. However, spatial assimilation theory indicates that certain racial and ethnic
groups, including Blacks, cannot translate socioeconomic gains into residing in qualitatively
better neighborhoods at the same rate as other racial groups (Massey & Denton, 1985).
Therefore, in the case of Black residents, race is not a primary indicator of their mRFEI score but
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rather household income. Assuming this model does indicate that income, rather than race, is
more reliable in predicted mRFEI scores relies on the assumption that Blacks in the area are able
to translate socioeconomic gains into neighborhood attainment at a rate higher than is typical in
other research on race and neighborhood attainment or characteristics (Adelman, 2005; Massey
& Denton, 1985).
The Asian population is less commonly researched in food environment literature;
however, the high Asian population has been linked with food desert demographics (Dutko et al.
2012). In this study, the Asian population was the only statistically significant race group
predictor for the overall health of a food environment, measured using the mRFEI score. The
Asian population was positively correlated with mRFEI, indicating that high Asian population
predicts a healthier overall food environment. This result may also be explained by spatial
assimilation theory as well, with Asian population and median household income having very
similar effect strengths when predicting mRFEI score (Table 28). However, in this instance, the
high Asian population meaningfully predicts mRFEI, while the White population does not.
Spatial assimilation theory categorizes qualitatively better neighborhoods as White, or majority
neighborhoods, yet in this study White race group population does not necessarily predict a highquality food environment in the same way that the Asian population does (Massey & Denton,
1985). It is possible that some other variable is influencing the results for the White population,
or that there is something in the residential distribution patterns for Asians, beyond income, that
leads to increasing mRFEI scores as the Asian population increases.
Spatial Measures of the Food Environment and Spatial Assimilation. Of the spatial
measures of the food environment, only fast-food density returned significant results when
assessed alongside race and income variables. Grocery store density was not significantly
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correlated with median household income or the population size of any racial group. However,
the regression model for fast-food density indicates that a high Black population predicts lower
fast-food density. While this variable does not measure the number of fast-food restaurants but
rather the spatial distribution of existing fast-food retailers, a high fast-food density may indicate
an overall more fast-food-friendly neighborhood with many fast-food restaurants clustering near
one another.
Findings vary on the role of race, especially Black population rates, on access to fast-food
or other unhealthy food sources. While some find that high minority populations have more
access to unhealthy food retailers such as fast-food, others have found that Black and minority
neighborhoods have less access to all types of food retailers, including fast-food (Black &
Macinko, 2008; Cooksey-Stowers et al. 2017; Lamichhane et al. 2013; Baker et al. 2006). From
a theoretical lens, it may initially appear that the fast-food density is a marker of a higher
neighborhood quality since there is a positive relationship between the majority group and fastfood density. However, fast-food density also has a negative relationship with median household
income. Therefore, lower-SES neighborhoods have higher fast-food density, but do not
necessarily correlate with a higher Black population. In this case, rather than spatial assimilation
accounting for Blacks residing in majority neighborhoods with increased resources and higher
socioeconomic characteristics, it appears that a greater proportion of lower-income Whites,
rather than higher income residents or a specific minority group such as Blacks, reside in
neighborhoods with higher fast-food density.
While the Black and White population had significant regression models and coefficients
for fast-food density, the Asian population had an insignificant coefficient despite an overall
significant model. Therefore, in the case of the Asian population group, the significance of the
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model was likely more influenced by income than by the Asian population. One variable which
was not included in this study, but which may influence outcomes for the Asian population in
this model would be immigration status (Freeman Anderson, 2016). It is possible that controlling
for immigration status would alter the results for any of the regressions and partial correlations in
this study, including the Asian population.
Conclusion, Limitations, and Recommendations
Conclusion
Generally speaking, neither racial group population nor median household income
reliably predicted all of the food environment measures. In the sample area of Ann Arbor and
Ypsilanti, only the proportion of the population that is Asian appears to predict the quality of the
overall food environment landscape when controlling for median household income. Meanwhile,
Black and White populations predict fast-food density with increased Black population pointing
to lower fast-food density and the reverse effect for the White population.
Income appeared to be a strong predictor for fast-food density, but not for mRFEI or
grocery store density when controlling for racial group populations. Meanwhile, the race
appeared to be a strong predictor in the case of the Asian population and mRFEI. Fast-food
density was predicted by racial group, when controlling for income. However, median household
income had stronger coefficients in all three models for predicting fast-food density, indicating
that income may be a stronger predictor for fast-food density than population size for any racial
group.
While spatial assimilation theory would suggest that in each of these models, the more
desirable outcomes would be predicted by income, with minimal influence by race, place
stratification theory allows for the possibility that other factors, including discrimination, racial
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and ethnic clustering, and residential choice patterns, may complicate the relationship between
income, race, and the quality of neighborhood attainment. The results of this study support some
elements of spatial assimilation theory, yet there are many questions left to be answered which
cannot be explained by spatial assimilation alone. Therefore, it is likely that a combination of
spatial assimilation patterns and some other factors determine the neighborhood food landscape
for different racial groups.
However, observable patterns support the idea that food environment disparities exist
between Ann Arbor and Ypsilanti, and between different racial groups, which may influence
public health and ongoing racial disparities as the Covid-19 pandemic continues indefinitely. We
know that in the area, Black residents have been disproportionately affected by the worst Covid19 outcome including hospitalization and death (Washtenaw County Health Department, 2020).
Previous research has also established that the neighborhood food environment influences health
outcomes (Cooksey-Stowers, et al. 2017; Decker & Flynn, 2018; Kramer & Hogue, 2009; United
States Department of Agriculture, 2009; White, 2007).
The patterns apparent in this small study of Ann Arbor and Ypsilanti census tracts
indicate that there are certainly differences in the racial and economic characteristics of the
healthiest and least healthy food environments. For example, of the nine census tracts in
Ypsilanti 78% have no access to healthy food or are food swamps while only 38% of Ann Arbor
tracts meet those criteria. The majority of Ypsilanti tracts are food swamps (67%), while in Ann
Arbor, less than 10% of tracts meet the food swamp criteria. Additionally, neighborhoods with
the lowest mRFEI and grocery store density scores have disproportionately high Black
populations. Therefore, while race and income did not predict all of the specific food

EXPLORING THE FOOD LANDSCAPE

80

environment indicators in this study, further research is advised to determine other variables
influencing these disparities.
Limitations
One main limitation of this study is sample size. The overall sample size is small, only 41
cases, and the sample sizes for each city differed considerably. Because the much larger portion
of the sample was made up of Ann Arbor tracts compared with Ypsilanti, a side-by-side
comparison between the cities did not make statistical sense in the multivariate tests. This
significantly limited analysis as the city could not be used as a control variable. With Ann Arbor
and Ypsilanti being very different in their racial compositions, controlling for the city may have
helped to better determine the role of race and income in certain food environment outcomes.
The lack of additional control variables is another limitation of the study. Inclusion of
other potentially related variables, such as additional markers of socioeconomic status (e.g.,
education, homeownership) or immigration status would have enriched the data analysis and
may have resulted in very different results for those tests which did not reach statistical
significance. Furthermore, it would have helped to create a better overall picture of what social
factors may influence the health of the food environment.
Next, additional food environment measures would have allowed for better measuring of
actual food access, rather than just the presence or absence of certain types of food. Examples
would be vehicle ownership, spatial distance measures to grocery stores and other healthy and
unhealthy food retailers, and inclusion of non-traditional food sources such as farmer’s markets,
produce stands and food pantries. These factors would add considerable depth to descriptions of
the overall food environment and to understanding how residents may interact with the
environment as they seek to obtain food.
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Finally, a lack of public data regarding tract, or even zip code, level data regarding
Covid-19 outcomes in the sample area means that correlations between the food environment
variables and Covid-19 outcomes were not possible. Therefore, all that is known is that
Ypsilanti, especially the Black population, has been disproportionately affected by Covid-19 and
that the food environment in Ypsilanti is qualitatively worse compared to Ann Arbor. Any
significance between the food environment and health outcomes from Covid-19 remains
speculative as a result of the lack of accessible data.
Recommendations for Future Research
Future researchers interested in either the food environment of Ann Arbor and Ypsilanti
or the Covid-19 disparities in the area could benefit from smaller scale data, such as individual
level data for the population. A study focused at the individual level on food access would allow
a random sample to be drawn from each city’s population to correct their disparate sizes.
Researchers from both perspectives may also wish to incorporate more variables representing the
food environment and food access, such as distance to grocery stores, number of grocery stores
per capita, food costs and affordability of nearby retailers, vehicle ownership or access to public
transportation, and other variables affecting how individuals may engage with the food retail
environment. In addition to expanding variables that measure the food environment's quality,
expanding the definition of socioeconomic status by adding additional SES indicators such as
education level and homeownership would enhance future research on this subject.
Furthermore, census tract-level public health data is needed to fully understand the
potential role of food on the public health of Ann Arbor and Ypsilanti residents of all races. In
this instance, Covid-19 hospitalization and death rates at the zip code or census tract level would
have enhanced the study and allowed for more sound conclusions about the relationship between

EXPLORING THE FOOD LANDSCAPE

82

food environments and health risks to be drawn. Research incorporating health outcomes, such
as for Covid-19, into the understanding of how the food environment interacts with race and
socioeconomic status would be benefit policymakers in Ann Arbor and Ypsilanti to determine
whether this is an area where attention needs to be focused.
Future research may consider using mRFEI as a categorical, rather than a continuous,
variable from a methodological standpoint. For example, this approach would allow for analysis
beyond descriptive statistics of race and income patterns related to food swamps. In this study,
only increases or decreases to the mRFEI score could be tested and predicted using linear
regression and correlation models. A categorical variable analysis for the mRFEI might reveal
very different and potentially invaluable results.
Finally, future researchers should consider incorporating ethnicity and other indicators of
racial group differences into studies of race and the neighborhood food environment.
Specifically, Hispanic ethnicity and immigration status might add further context to the results in
this study. While this study focused only on racial group population size at the census tract level,
this approach also suffers from a lack of context as there may be significant variations within that
racial group population as it relates to ethnicity or place of birth.
Given the wealth of additional context for the food environment, public health outcomes,
and racial and ethnic characteristics of Ann Arbor and Ypsilanti that were not incorporated into
this study, future research on the intersection of food access, race, and health outcomes
(including Covid-19) is recommended.
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